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I. ISTttOUUCTION. 



In November, 1851, tha läte Dr. Leidy ptiblished, in the Proceedings 
of the Academy of Natural ScisQuea of Philadelphia, a notice of " whiit 
I Buspect to be the cmncecium of a new genus of Polyzoa; aUhough I 
have tiever beou ahle to detect the polypides if auch esist." He gives 
tbree figurea of the " camcoüium," coneiatiug of a aeriea of um-sbaped 
BBgmenta placed ao that the base of one segment rests on the mouth of 
itB proiiraal iieighbor, To tbia new genua be gives the naaie Urna- 
tella, with a genus diagnoais, which three jeara later ('54, p. 191), after 
discovery of the poljpido, waa rovised to read as followa : "CrenCBcium 
consistiug of a serics of acgments up to eightcen in nutnber, and forming 
free, aemi-erect, ourved atetns, attached only by the base of the loweat 
aegmeDt. Sognienta eicepting the three last onea simple, umifomi ; the 
antepenultiniate aud the pemiltimate oblong, nith aimple or coinpound 
brancbcs of tha sanie form ; tholast segoient or active poljp ia CÄmpanii- 
late, and is supplied with cjllndrical, ciliated arma arrauged ia a circle 
around the mouth." He finds that severol stema ariae from a cotumon 
baae. There are fourteen tentacles. 

In 1856 Allman (pp. 117—119) referred to the discovery of Leid y, and 
publiahed a peiicil sketch of TJrnatella furniahed by Leidy. This is the 
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first publiahed drawing of the calya aud yoimg branches. Ällmau waa^ ' 
inclined to refer thie genus to the Pedicellinidaj. 

lu 1870 Leidy recorded further obaervationa ou Uraatella, and in 1884 J 
hs published in a thin quarto, with a eingle plate, everythiDg whioh he 1 
Lad found out about its auatnmy and phyaiology. The maia points 
theae papers wili be brought out iu ooDuection with the orgaus to whicli I 
tbey refer. 

Finally, Mr. Edward Potte, in a note to one of the edi tõrs of the j 
American Naturalist (April, 1891), statee that he haa succecded [as did 1 
Leidy] in obtaining in the spriug rejiiveoated heada from tbe headleas | 
steiuB of Uraatella gathered the preceding fail. 

YariouB nritera bave called attentiün to the imperfcctiona in 
knowledge of tbia aberrant furm. Ehlera ('90) haa raade many Buggefr- 1 
tions concerning the anat^my of Umatella, which, being purely hypo- 1 
thotical, require to be aettled by observation. I>eidy himaolf waaimpreased J 
with the importance ofa better knowledge, and be bad inteuded, be says I 
("84, p. 6), to make a thorough inveatigatiou of it. " Other occwpationB, 4 
aud the want of a ready aiipply of the ueceaaary material, have preven 
my intention, and I atii now led to communicate what I have leamed of I 
the animal with the view that aome of my younger countrynien and 1 
co-laborera, nnder more favorable oircuniatances, may be induced to do I 
what I bad boped and wished to do." To supplement the work of Pro- I 
fessor Leidy ia tbe object of the present paper, wbich haa been largely I 
inspired by hia. 

In 1884 Leidy remarked upoa the abacnco of Uraatella from itaformer ■ 
haunts. Apparently nothing had been seen of it since tbat time, nntil 
1880, I opened corresponiience with Mr. Edward Potta of Philadelphia j 
upon the subject. Iu the summer of 1890 Mr. Potta and I thoroughly , 
esamined the watera of the Scbnylkill River, both above and below 
Fainnouot dam, but without fmding any trace of Umatella. In Septem- A 
lier, 1891, Mr. Potta found many stocka in the bed of the temporarily J 
emptied Schuylkill Canal, below Fiat Rock dam, and kindly forwardedij 
aome of tbeae, living, to me at Cambridge. In July, 1893, Mr. Potta J 
and I re-einmined in väin the Schuylkill River at Fairmount dam, and I 
finally, on July 4, made dredgings in the Schuylkill at Fiat Rock dai 
near Shawmont Station, Pennsylvania. We foiind no traco of Uraatella .| 
in the quiet watera above the dam, but in the turbulent watera i 
mediately below the overflow almost every stone brought from tbe bot- I 
torn bore stocka, and sorao wero almost completely covered on one I 
with lusuriant growtha. One barrel-hoop dredgcd from the niud ■ 
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completelj covQi'ed with headless Btems. Ab mauy Btones as we could 
carry were packed in moist paper or io jars, aud trauaportud eafely 
several milos. A few dnys latev, Btoues with liring stocka of Urnatella 
ftud parts of tlie bairel-hoop with headless stema were transported in a 
pail of water to Cambridge. Upou arrival at Cambridge it waa fouud 
that uearly all the beada had dropped off. Tlie atocka were kept in 
runTiiiig water for tliree mouths, during whioh tirae those wLich hud lost 
their oaljcea did not regenerate tbem; whereaa the atocka on the barrel- 
lioop did regeiierate their heada, but did not bud very luiuriautly. 

I cannot cloae thia introduction without eipreasing thanks to iny 
friend Mr. Potta, wbo, filled with love for tbe aoiencej haa unselfiably 
Biipplied rae witb niaterial, boapitably received me tnto hia honseUuld 
during my stay in Pennaylvania, and worked with me beyuud hia 
atrength in our dredgiug operationa oa tbe Suhujlkill in order to further 
a study of tbia animal. 

The later atudiea iucluded in tbia paper were made in the Emhryo- 
lögical Laboratory, under the direction of Dr. E. L. Mark. 

fe.I propose to deacribe tirat the anatomy of the adiilt, and, in the second 
3 non-seiiial reproduction and regeneration, ao far aa I have 
been able to determine them. In each aoction of tbe paper I ahall give 
first my own observations on Uruatella ; secondly, corapare them with 
thoao of othera on Urnatella or other Endoprocta ; and, iinally, give my 
mclusiona iipoa or iuterpretatiou of aiiy difficult pointa. 



II. Anatomy. 

For tlie purpoaea of deacription we muat diatinguiab the stalk aud 
the calyi. 

1. The Stali. 

The stalk ia an elongated, filamentona atructure, compoaed of a 
number of aegmenta, lying one beyond the other. The number of atich 
segmonta variea from one to several, according to tbe ago of the stalk. 
Leidy coimted aa many aa eighteen. I have never couoted more. 
Looked at with a händ lena, the atem ia seen to he oompoaed of alter- 
nating tranalucent and opaqiie ringa, of which the fornier occupy the 
middle zone of each aegment ; the latter have an iutersegmental poaition. 
The surface of the stalk in the tranalucent zone ia throwu into circular 
folda, and amall proceases appear scattered over ita aurface, more abun- 
dantly ou the more diatal aegmenta (PJato I. Fig. 6). 
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Än opticiU longitudinal sectioa of the living stalk (Piate I. Fig. ' 
fibows that it coosists of a thick cutioula, withio whJch ia a n 
defined tisBue. The outicula is tbicker and more opaque in 
segmeiits, thinner and more transparent in the distal ones. Each of t 
baaal segmeatB oftea coutaiua a mass of globular, hlghly rijfrnctive bodiei^] 
which may be forced out frotn the aegmeut by crushing the latter (Pla 
I. Figs. 4, 5). Isolated by this means tbey are eeen to bo of the moB^ 
vaiied size, and to reaemble yolk Bpheriüea. Üesides theae gi'aDules, oiu 
finds lj'ii)g near the cuticiila iu all but the oldest segments a fibrillatet 
layer conaiatmg of elongated, Bpindle-shaped, highly granulnr c( 
midst of the yolk epherulea (Flute I, Pig. 7), and, fiually, one c 
fliokering bodiea reminding one by their motion of the cirri ' 
celU. In the dark Kouea optical Bectiona reveal indioationa of a trausvei 

A more accurate insight into the bistological structures ia güueij 
fkim tbiii seetiona of tho stalk. 

The cuticiila appears in two conditions, which are not sharply seporate 
but pass into each other throiigh intermediate conditiouB. The ( 
kind (Plftte I. Fig, 4, cta.) occure in the middle zone of each segmei 
It is tranaparent aud fleiible, and hecomcs thicker iu paBsing from t 
distal to the proiimal segmenta. It staina in heematosylin, and ia tli^i 
seen to be compoaed of laminre, for it appears in aeiition distinctlj 
striated (Plate I. Pig. 4 ; Plate II. Fig. IG). Tbe other kind of cutieul 
oocuiB chiefly at the conatrictioua between segmenta, but it estends o 
the two etida of the segmenta alao, and oven over the middle zonea q 
the segmenta, as an outcr cuticula (Plate II. Fig. 8, cta'.). It formij 
moreover, the septa betweeu adjacent segmenta. It does not atain i 
hffimatoxylin, is more highly refractive than the firet kind, and has i 
yellowish color by transmitted light. Where it passes over into the fira 
mentioned kind of cuticula, it becomea diatirictly atriated, and gradual 
loaes Hs apeciSc characters, gaining those of the 6rat kind, of which it t| 
probably only a modiücation. It ia the presence of these two kinda o 
cuticula tbat causes the superhcial appearance of alternating light am 
dark zonea on the atem. Theae two kinda of outionla do not o 
to the inner and outer cuticulaa which Ehlcrs ('90, pp. 16, 1 7) describt 
for Äseopodaria. Two layera with the charactera of thoae of Ehler 
pear not to esist in Uruatella. 

The edodem (Plute II. Figa. Il, 10, 16) diminishea in thickneas 

I employ the wonl " cirrus " in Ihe sense in wlilch it is used by Biitsch 
for Ciliata (i:f. Bronn'B Tliierrcith, Prnlozoa, p. 1324). 
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tbe distal end of tbe stalk, wbere it ie a layer of cuboidal coUb, to tlie 
bnae, where its colls are estreraelj flatteiied, bd that the lajer is liardly 
distinguiahable. Even uear tha baae of the atalk, however, the eutoderm 
is a relativelj thick laycr on cach of the siirfaces of tbe tranaveree aepta. 

The axütl portion of the stalk prasente very intereating hiatological 
coiiditious. In a yoiiiig imiivldual wlioae atalk coiuprises a aingle seg- 
ment oiily (Plate II. Fig. 15) the axial portion oontains a closely packed 
maas of cetla, which stain deeply, contain few vacuoles, and are aligbtly 
elnngated in the direction of the nxia of tbe atalk. Ät a lator stage one 
fiuds tbe plaBma of some of these eelis iindergoing a metamorphoaia. 
äiiuh eelis appear fiUed by a vacuole in which Iie numeroua highly re- 
fractive granules. A little later all of the axial eelis have become greatly 
elongated in oorrespondence witb tbe elongatioo of the stalk. Many of 
thom appear almost comptetely yaciiolated. A croaa section of tbe stalk 
at Bucli a atage of development ia slioivn in Plate II. Figure 9, where the 
centre ia lilled with a network of eeli boiindaries encloaing clear apaces. 
This condition ia very atriking in lougitiidiual Bectlons througli the re- 
gion of the septuro, where the iong vacuolated cella may be seeu extend- 
iög from one aegment into the ot.hcr. 

According to Ehlera ('90, pp. 18-22), the atolon of Aacopodaria aliows 
a condition of tbe axial portion aimilar tu that here deacribed ; bat in 
tbe atalka which support the calycea there ia a conaiderable amount of 
interccUulur aubstauce, aud 1 fitid tbe satne thing in Pedicellina. In 
Umatella, on the contrary, aiiüh intercellular aiibatance appears only in 
the older atalka, 

The masculalure of tbe adult atalk ia sitiiated imraediately witbin the 
ectoderm, aud ia found in all acgmenta running from one eeptum to the 
other. On croaa section of the atalk it appears aa a circle of radially 
elongated, higbly refractive bodiea, placed cloae to the ectoderm (Plate 
II. Fig, 9, mu). Each elongated hody has, at a certain focus, a darker 
peripbery aod a lighter oentral liuo. With the higheat powers the darker 
periphery oan be resolved into a aingle row of bodics, which appear as 
brigbt spots at tbe highest, aa dark spota at tbe lonest focus (Plate II. 
Fig. 16, ma). Tbeae I interpret as fibrillfe. 

The fibrillifi devalop in the protoplaam of the asial cella. In their 
earlieat atagea one aeea tliem forming a single row on the outer edges of 
the more peripheral eelis (PJate II. Fig. 1 7, mu). Later they are fornied 
on the two lateral edgea alao (Fig. 11). Additional lateral (or, in rela- 
tion to the stalk. radial) rowa of fibrillic are next formed iu each eel!, 
tbe new rowa appearing nearer the centre of the cdl than thoae already 
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formed (Fig- 10)- Finallj, in the adtilt, the uacleiis of the eeli, whiB 
liaa beeii pushed cetitripetad by the multiplicatioii of fibrillae, comes.f 
Iie opposite several pairs of radial rows or Eheets uf fibrillte. Tbi 
sheets always occiir iii pairB, the components of the paira being aeparatf 
bj a narrow cleur spaco, and the paira bj broader apacea. 

ÄB I have said, thia muBCututnre occura througbout tlie entire atalk ti 
to the base of the calyi (Plate lil. Fig. 19, mu.). 1 do not understai 
on what groiind Ehlers atatea ('90, p, 146) that ia Urnatella ' 
Muskelmantel in den gleichmasaig diuken Stengelgliedem nicht deK 
gauKe Lange erfüllt." 

Tbere is a considerable difference between tny description of the atn; 
turea of the rauscle fibres aud that of Ehlers ('90, pp. 25-28) for Am 
podaria. In the latter case, the muBcle eelis are placed three to fivij 
deep, inatead of in ooe peiipheral series, as in Urnatella. Moreover, j 
Ascopodaria the flbrills Iie iu two thick peripheral banda on t 
of each muscle eeli ; whereaa in Urnatella aeveral miiGcIe hända (eac 
conaiating of a aingle row of iibrillte) belong to each eeli. 

The differencea between the two genera are eaaily eiplained by aaauiq 
ing an increaee in the number of muscle eelis in Ascopodaria 
they can no longer iie in a aingle peripheral aeriea, and that the fibrilli 
bnnda have become greatly crowded together, so that one bänd ia Q^i 
equivalent to a siugle bänd of Urnatella, but to all of the banda of Un 
tella which have ariaen on one aide of the eeli. The stalk musoulatui^ 
of Ascopodaria is thua more higbly developed thau tbat of Urnatella. 

Ehlera mentiona the resemblance between the njuacle fibres of Asoopt 
daria and those of Nematodea, especially the Ctelomyaria. 

I haTe referred above to vibratile tnoTements in the living staUi 
Stained aections show, placed more or lees abundantly througbout thi 
atalk, elongnted spacea terminating bliudly at one end in structure 
which must be regarded aa R&me cella (Plate II. Fig. 12, ei. flm,yi 
Such a flame eeli ia spberical in ferm, ataina siigbtly, poasesaea a lar^ 
nucleita, and givea oif into the elongated apace et tb. the well known 
oirnia (Wimperjlamme). 

The form of the citrus in all caaee examined waa conical, the s 
of the cone being usually thrown into a aigmoid curve, Where thffl 
cirrua arisea frora the eeli, it is slightly conati-icted, then enlargea audS 
denly, forming a tbickened ring. Distal of this ring the cirrua tapet 
graduftlly to a fiue point. That the cirrua ia corapoaed of a number o 
ngglutinated cilia is indicated by the preseneo of longitudinal strise. 
B that the flame ce!l closes the lumeu of the tiibule at this point. 
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Couceming the space into which the free end of tho cirruH projeuta I 
■ ean oiily oouclude, from comparison with other caaea where a flama eeli 
occurs, that tliis must repreaent tho lumen of au cxcretory tubule. I 
have iiot, however, beeo Me in any inatance ta trace au iudividual 
tubule to any oonsiderable diatanee, or until it opeoa into any other 
organ. One thiug aoeiua fairly certain, tbere is no worphologioal differ- 
ence between those elongated clear epacea into which the cirri project 
and the elongated vacuolated cella to which refereuce has alrendy been 
made. I am therefore inclined to regurd it as probable that they aro 
one and the sume thing. The vacuolated cella aie developed by the 
breaking down of the plasma of the elongated cella of the young stalk. 
Before the metamorphoaia is completed, one Unda cella filled with cleor 
eontenta, in which Iie aoattered granulea {Plate IL Fig. 15, cl. tb. left). 
1'inally, even these seem to diaappear (Fig. 15, cl. ib, right). Since 
the tiibules agree iu aize with these elongated, later vaouolated cella, 
I conclude that tbeir lumtna are iutraoellukr. Since the so collod 
vacuolated cella — naany of which at least are, according to my view, 
tubulea — paas uniutentiptedJy froci one segment to the nest through 
tbe central opening of the septa, there may caaily exist continuouB 
tubulea running from the bsaal aegments into the calyx. 

The oiily excretory tubulea which have been heretofore mentioued aa 
oeciirring in Endoprocta are the pair which Iie in the calyx and open 
into the atrium hetween moiith and reotum. Farther on, I shall 
have occaaiou to inquire into the probable significauce of the facta here 
recorded. 

In apecimens of ümatella gathered in the fail and esamined while 
liviug, I found the basal segmenta filled with yolk grannles (Plate I. 
Fig. 4). Even in atocka oollected in July, the basal segmenta coutained 
B. greater or leaa amouut of yolk. In pasaing from tbe distal towards 
the proximal end of the stalk, one can trace the dovelopment of thia 
yolk, aud aince this ia a matter of some general interest I have paid a 
little attcntion to it. 

If we esamiae oue of the middle aogmeDts of a atem whose baaal 
aegment ia fuil of large yolk apherulea, we ahaU find reserve atuiF form- 
iug in some of the elongated eelis. It appears aa a fine granulatioo 
throughovit the whole eeli, except iroraediately aurrounding the nucleus 
(Plate II. Fig. 13). Not all of the eelis appear thua granular, for 
others are at thia stage vacuolated. Stiil later (Fig. 14) many of 
the fine granides appear to have fuaed iuto larger onea, and theae are 
aeparated by clear spacea. The eelis have enlarged very greatly (thoae 
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ta Figs. 13 and 14 being eqoally magaified), and their boundaries 
eeem to be at aome pointB dJBcontiniiotiB. Finally, in the basal seg- 
ment we fiud all trace of eeli boundarieB lost, and the oeutral spe 
filled by a mass of large and email yolk globuloa, nuclei, aud {: 
plaamic debris (Plate 11. Fig. 8). 

The seriea of stages iu the formation of yolk, whJch are sbowu in suo-l 
oessive s^meutB of the same atalk, poiuts to the codcIusedu tbat yolk ■■ 
iu thiB eose furmed inside of the uell by a fuBioa of mauy eiceBdvety | 
small graoulea, — a conoluaion similar to that reached by Stubimann { 
('87, p. 23) for tfaeeggs of a TeleoBt. Händ in bänd with the develop- I 
ment of yolk tbere seemB to go a diminntion in the amoiint of proto* i 
plasm, wbich thorefore seems to be brokeu down iu the proceas. The i 
detaila of thia procesa reseiuble remarkably thoae of tbe formation of J 
the yolk in the statoblaet of Pbylactoltema, for an accurate deBcriptioa of j 
whioh we are espeaially indebted to Braem ('90, p. 76). 

Umatella ie quite unique, ao far as I know, among ail Endoproota i 
the storage of food matcrial iu ita atalk. Thia ia doubtlesa of b 
pbyBiological importance, aB 1 aliall try to show later. 

Stpta oooiir at the coiiatrictionB between segments, and aeparate the 
latter from one anotber. They are eompoaed of a ciroular fold of ecto- 
derm, whoae free edge Burrounds a amall opening, through which spindle- i 
abaped vacuolatcd meBenchymatous cells pass. Tho adiilt conditioa ia 
easily interproted by reference to the develujimeiit, an early stage in 
which ia shown in Figure 24 (Plate IV.). Between the layera of tha , 
ectodermal fold a perforated diac of ciiticula — continnouB at ita outer | 
edge with the auperficial cuticula — hecomes laid down, Thia oatioo- i 
lar diac increasea in tliickneaB with incrcasing age. 

The moat distal aeptum, which separatea atalk and calyi, ia more ' 
complicated than the othere. Tbe coraplication ia due to the fact tbat 
meaenchymatoua cella have placed thetnaelvsa in and above tbe opening 
of tbe aeptum, and have flattened themaelvea out perpendicularly to tha ' . 
axia of the atalk, wblle stiil allowiog the vacuolated cells to pass at 
their margina into the calyx from the atalk. Tbua the tranaveraely I 
flattened mosencbyiuatous celk appear to aend out horizontal proceBsea j 
between the ttibular cella (Plate IV. Fig. 25), 

Tbe flattened cells which Iie above tbe opening of the aeptum are J 
seen, iu longitudinal aection of the stalk, to be arched over the opening, , 
It results from thia that tbe smaller, lower cella Iie partly encloaed bjr J 
the larger uppcr onea (Plate III. Fig. 18). 

A septum between stalk and calyz agrceiug even ia detail with that 
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juBt dcBcribed for Uniatella haa been deacribed and figured bj Khlera 
for Äscopodaria. Such a bighly complicated aeptam seemä iadeed 
to be commoD to tbe Pedioelliuid», which tn tbis reepect appear more 
nearly allied to TJrnatella tbau does LoMwoma, in wbicb such septa are 
absent. 

lu Pedicellina Beucdeni also, wbich baB a segmented stalk, tbe Beg- 
ments are aeparated from one anothar, aocordiDg to Foettinger ('87, 
pp. 301-303), by perforated aopta, 

2. The C<xlyx. 

TJnder thia heading I sball treat auccesaively of the body wall (includ- 
ing the lip of the atrium, and the tentnoles), the atriuta, the alimentary 
tract, tbe body cavity, the nephridia, the sezual orgaua, and tbe uervoua 
Bystem. 

A good idea of the extemal furm of the expanded calyi may be gained 
from Leidy'8 fignres. My own, häving beea drawti chieÖy from praaerved 
material, show the polypide for the most part in a rotracted cundition 
(cf. Plate I. Fig. 2). When thus retracted, the atrial opening does not 
Iie at the apex of tbe calyx, but ib throwa Bharply over towarda the oral 
aspect (Plate IIT. Fig 18). 

The body wall ta coniposed of a single layer of esoeasively thin epi- 
tbeliniQ, — the ectoderm, — which has secreted a thin cuticula. Thia 
cuticulft ia thiokened in places, protlucing papillie, which are irregularly 
Bcattered over the calyx. At the lip of the atrial opening, aa the pas- 
aage into the atrium in the retracted cooditioa may be called, the ecto- 
derm ia thicker than elsewbere, and folda back npon itself until it reachaa 
the base of the lophophore. Thia backward-reflected portion I aball 
call by the name kamptoderm, for although ita homology with the kamp- 
toderm of Ectoprocta may not be entirely beyond donbt, I oannot aee 
any important differeuce between the two structures, eitber in their adult 
relatioua or in development Aa in the Ectoprocta, ao here the polypide 
is fonaed in the retracted state, and the atrial opening does not break 
through until a läte stage ia reacbed. 

In Ectoprocta the line of anion of the kamptoderm and body wall, 
i. B. tbe lip of the atrial opening, is märked by a thickened ring com- 
poaed of elongated ectodermal ceUs, at the baae of which Iie the fibres of 
a aphincter muacle. Thia organ conatitutes the " Randwiilat " of Phy- 
lactoltemata or tba " Diaphragmn " of GymnolBDniata, Does ftn oi^an 
homologouH with thia pccur in Uruatella ? It is in keeping with the 
more priraitive oi^aniMtion of the Endoprocta that, although a corre- 
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Bponding region eiista and sphincter muscleB are found here, it haa noij 
become eo distinctly differeuliated from the rest of tlie body ivall aa hai 
tbe üandwvlU of Phjlactolsemata. This r«gion may be designated tb< 
Üp of the atriiun. 

WliGQ tbe tentacleB are eipanded, — a seuondary conditioD, aa tti« | 
derelopment of the calys shows, — the hp of the atrium forma a oirou- . 
lar ridge lying at tha baae of tite teutacles (Flate IV. Fig. 26, ipAc.atr.). 1 
"When the teutacles are drawn in tightly, tbe Hp of the atrium becomes 1 
puckered. Two of tbo folds rosuUing from thin process are ahown out ' 
acroBs m Figure 19 {Plate III.) above the middie of the atrium. 

The lealacles of Urnatella in three oases in whicb I counted them oa 
transverse aectiona, as well as on the entire animal, numbered twelve ; • 
in ono uase, thirteea, !□ adJitiou to theae numbers, Leidy ('84, p. 10) J 
found sixteen (uaually) and foiirteen. In the specimen ntth thirteen. \ 
tentacles, the odd one was placed on the anal aspect of the calyi ii 
median plane. It appeared shorter than the others. In one caee with 
twelve tentacles, observed fully eipanded, the two tcntaolea of the anal 
aspect lying neareat the median plane appeared ehorter tban the lOr- 
maining oaea. Leidy does not tefer to thia point, and hia figurea i 
afford no aatiüfactory evidsDce aa to tbe occurreuoe of thiB conditioa ' 
iu hia apecimena. 

The tentaclea are each compoaed of a cyliuder of columnar epithelium 
BurrouDding a uarron central region nbich ia lilled with raesenchymatoua 
tiaaue. In addition, oo eacb of the lateral aspects of the tentacle 
thers ia a muscle, composed of one to three fibres lying side by side 
(Plate IV". Fig. 27, mu. ret. ta.). The epithelium ia cUiated on the lat- ■ 
eral and inner faces of the tentacle. 

The atrium is boiinded by the tentacular eorona on all aidea. The ] 
floor of the atrium paasea into tbe mouth in the oral region, and rests | 
upoa the rectum in the aboral region. At the centre there opena iuto I 
it an elongated pocket, the cloaca. The lateral augles of the mouth. | 
are proionged aborally, and form two grooves which open into the atrium | 
along the lateral margina of the floor (Plate III. Fig. 19, sul. atr.^. 
Theae, which may be oalled the atrial groovfs, approacb eacb otber and j 
beoome ahallower aa they pasa aborally upon the atrial wail, iintil tbey J 
diaappear in the median line above the rectum. Tbe epithelium lining 
tbe piroovea ia ciliated. 

Thia "atrial groove " exiata alao in Pedicellina echinata according to ( 
NitBche ('69, pp. 21, 22), aod, aecording to Eh)ers ('90, pp. 52, 53, 59, 
60), in bia Aacopodaria macropys also, Ita functiou, as haa been fre- 
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quently pointed out, must be to carry the partides of food from the baaea 
of the teataclüs towarda the moutb. 

The moutb is limited oii the side towards the anus, and aeparated 
from the cloaca by a fold, which may bo desigoated the inner lip. Thia 
repreaents the organ often referred to aa the epistome, — a term which 
implies au honiology with the organ of the same name in PhylactolEe- 
mata. Thla organ ia of greateat eize iu Rhabdopleura and Loxoaonia 
amoiig Endoprocta, where it ia elevated fur abuve the general ]evel of the 
floor of the aCrium. It is leas märked in the Fedicelllnidic, In Urna- 
tella it 18 not at all evident, liecauae its upper edge is nut bigher than 
the roof of the rectum which forma tbe actual floor of the atiium be- 
hind. If, ou the contrary, the cloaca exteuded uudenieath the rectom, 
as it doea in the Pedicellinidie, caiising a great epace between it and 
the intestiue, and tbua making the roof of the inUatine the floor 
of the atriiini, the iiiner lip would appear as a very prominent orgau 
(cf. Fig. 18). 

On the Duter edge of the moittb, and forming the " outer lip," ia a 
prominent Lorizontal fold of the oral part of the atriiim (Fig. 18, /opA. 
atr^. Thia fold estenda aborally, rnnning parallel with, and forming the 
outer wall of the " atrial groove " (Fig. 19). The fold gradually becocnea 
leas pronounced towards the aboral aspect of the atrium tintil (in Fig. 
18) it forma only a alight swelting of the atrial wall over tbe rectum. 

AliTnentary Tract. — As in other Endoprocta, ao in Umatella one can 
distinguish four regions in tbe alimeutary tract : oeaophagua, atomach, 
iuteatine, and rectnm. The wall of the alimentary tract ia composed 
throughout of a ciliated epithelitim, except in the ao ealled hepatio cella 
of the upper wall of the atomach. In thia exception Umatella agrees 
■witb other Pedlceilinida;, but for Loioaoma Harmer makea no auch 
esception. 

I find a higbly refractive basement membrane lying at the base of 
the digeatiye epitbelium. Thia staina deeply in htematoiylin, bo that it 
can be aeen with a luw pov^er aa a diatlnct line surrounding the alimen- 
tary tract. Such a oondition, deacribed by Nitache ('69, p. ID) for 
Pedicellina, haa been denied by Eblera ('90, p. 72) to exist in Äsoo- 

Thero ia an indication of a specialized intesttnal (aphincter) muacle 
surrounding tbe opetiing leading from intoatine to rectum, na well as at 
the anus. The atructure in queation, wbich appears in section (Fig. 18, 
spht.) aa higbly refractive and deeply etaining areaa on either aide of 
the opening, seema to Iie in the epithelial wall of the alimentary tract. 
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Since elaewbere in the ca\yx of Urnatella, and in other Bryozoa, e 
arlse frODt mesodermal tiäBue, I ara inclined to belicve thut, qi 
standiog thcir poajtion, they are formed froin meaenchjmatouB i 
which have crowded ic betweeii the ejjithelial celU. 

The free surfaces of the epithelial cellä are dltTerent in the tbi 
regionB of the alimentary tract. On the wall of the cesophi 
mu out iuto tolerably cIoBe-set and lõug cilift, wbicli become longer 
towards the deep end of tba oisopbagus, and project into the stomacli at 
itB cardiac end (Fig. 18, a.). Along the lateral and lower aides of tlie 
Btomach one finds loager sparsely dJBtributed ciha, and at their base a 
close-set layer of short rods (Stabchen). Aronnd the pyloric openiiig 
of the Btomach there ia a ring of elongated cilia. The inteatinal epi- 
tbeliuni beat'B chiefly short, stoiit, aud cloae-Bet Stahdien. Tbe cilia uf 
the rectuin are conGned to the upper wall, and are of medium length, 
and aparae. These are ouiitted in Figure 18. 

Tbe poaitioD of the mouth bna beeu already defined. It Icads into a 
broad cemphag-ug, constantly narrowing aa it descendB until it opena into 
the Btomach at the lower {oral) end of the latter. Ita wall conaiBts of 
a cülumnar epithelium, aome of whoae cclla are vacuolated, eapecially at 
the baae of the epiatome. The inner wall of the oasophageo-gastrio 
openiug ia provided with a valve-like procesB, covered, like the oppoaite 
woll, witb largo cilia. 

The pear-shaped stomaoh is lined below and laterally by a cuboidal 
or sbort colnmnar epithcljum, above by a highly granular, more or leas 
vacuolated, non-ciliated epitheliuin, whose free enda are ragged, aending 
prooeaaeB into the luraen of the organ. Theae conatitute the so called 
hepatio cella, Their granules atain deeply in hfematoiylin. In the 
epitbelium of the lateral aud lower walla of the atoniach deeply staiu- 
ing eelis alternate irregularly with leaa deeply staining onea (Fig. 18), 
Theae cella are alan fuU of small vacuolea. 

The atomach ia aeparated from the intestine by a circular ridge, 
formed of elongated eelis hearing lõng cilia, — tbe pyloric valve. 

The eelis of the conical inteatine are cuboidal, and poaaeas a tbick 
external and internal membrane, which staina deeply iu hsematoxylin. 
The paaaage into the rectum ia restricted, 

The epithehum of the rectum is composed of flattened cella. Ita 
lower wall ia cloaely applied to the upper wall of tho inteatine, the two 
walla being aeparated by the baaement membranea of the two coil layera. 

The anna liea, aa already atated, on the aboral wall of tho cloaca. At 
thia point the wall of the rectum becomea continuous with tho floor of 
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the atriam above and the aboral wall uf tbe cloaca below. The oells 
aurroiinding tlio aoal opening are slightly lorger than tlieir ueighbora. 
Lying appareutly iu tha basement mambraue ig the aual ephiucter 
already mentioned. 

Under the term body eavity 1 indude the epaoe lying between tho 
alimentary tract aod the outer body wall and atriuna. Thia Bpaoe, 
whioh is tnucb reduoed m the retractod coudition of the pelypide, con- 
taina iDdiSerent mcaencbymatou!) tiasue, tuhuhu* ceib, luusclos, the 
eicretory and sesual organa, and tbe nervoua Byetem. 

The body cavity is bounded hy no otber epithehum tban tbe ecto- 
dorm of tbe body n'u!t aud atrium, aud tbe entoderm of the alimentaiy 
traot ; that ia to asy, there la uo mcBoderm. 

The indiSereiit meaeuchyuiatoua cella have been seen to beet advau- 
tage in the end of a regeneratiog atalk ahown in Figure 3. Here the 
eelis, wbicb were studied whilo living, ciiuld be Beeu migrating on the 
ioner aiirface of the ectodertn, aud extending through the ceutral region. 
Suoh wandering cella were filled with highly refractive granulea. 

The tubular eelis of the body cavity Iie cbiefly at the baae of the 
cnlyx, Qear its attachmeut to the staik. Iu thia region also I have seen 
in tbe liviiig auiinal a flickering ciliate movement, and iu the sectioned 
aninial flame cellä. 

I have been able to diatingaieh only two syateoiB of musclea iu 
the body cavity of Uruatella, — the aphincter of the atrium, and the 
musclea of the teutacles. 

The sphiucter of tbe atrial opeuiug (Plate III. Fig. 18, Plate IV. 
Fig. 26, spkt. atr.) JB composed of circular fibrea lying iu tbe lip of the 
atrium. Taken together, tho tibrea form a folded aheet, U-abapod on 
croBs sectioB, the convexity of the U being directed upwarda, The 
fimotion of tbis muacle ia, of courae, to oouatriot the atrial opeuiug, aud 
thua to protect the teutacles and parta below. 

The tentacular muaclea conaiBt of tbe pair to eacb tentacle already 
mentioned, Tbeae run froni tbe apex of the tentacle to tho base, where 
they diverge to the right and to the left, and, after breaking up into 
many brauches, paas through the ectodenu to become inaerted upon the 
cuticula of the body wall. Leidy ("84, p. 10) aaw tbeae tentacular 



Differentiated muaclea do not aeem to be abundant \n the ealys of 
any of the Endopcocta. Tentacular muaclea are unknown ia otber ape- 
oiea. On the other haud, EhJera {'90, pp. 64, 65) haa deacribed two ays- 
tema for Äacopodaria which I have not seon in ürnatella, namely, lateral 



14 



wall muaclea and transverse muacleg, the latter running from the i 
to the left waJl. The fibrea of these musulea aUo break up iato b»iiol| 
before making their attachmenta. 

Excretory Organi. — The chief esoretory apparatua in Umatella liea || 
tho calyi below the ectoderma! floor of tiie atrium (Plate III. Fig. ! 
Plate IV. Fig. 22, jipA.). It oonsista of a pair of tiibulea whioh \ 
proximallj aod opeu by a single pore into an unpaired cavity, whioh a 
tiim opeua into the atrial chnmbor at about the centre of ita floo 
Thia unpaired cavity is the oiie 1 have proposed to call the doaca. 

From ita openiug into the cloaca the unpaired tract of tha e 
tubulea, wbich niaj be designatod ffferentduGt,T<i\\& oralwarda and dowi 
warda, and theu dividea, the two tubulea followiug the poaterior wall of* 
the ceaopbaguB. Finally, the tubulea turn baok upou themaelvea, run- 
ning outward and towarda the rectum. The wholo escretory apparatus 
haa thuB tbe fonu of the Greek letter y. 

Each tubule enda biindly in a flame eeli wbich beara the characteristio 
cirrua, eiactly aiüiilar to that fouud in the atalk (|)age 6), Figure 22 
■ (Plate IV.) ahowa tbe end of the tubule of the left eide. The plane of 
thia aection waa such that it cut the posteriorly reflected region of the 
escretory tubule of the left side throughoiit all but the niiddle of ita ex- 
teiit. At the middlo lina the tubulea of both sides sink below the plane 
of the aectiou, ao that it is the efTeront duct which ia cut at npk. in the 
median plane. 

Ooe of the youngeat individuala in which I have found a nepbridium. 
ia that from which the aection Figure 29 (Plate IV.) waa drawn. The 
etferent duct (nepA.) appeare to be composed of two elongated eelis 
placed end to end. Hunning throngh the niidat of these ia a poorly 
märked lumen, partly fiUed by a granular auhatance. Thia aud ono or 
two otber aioiilar casea scem to mo to anpport atrongly tbe view of the 
intracellular nature of the lumen of the nephridium. 

The evidenco derived from the adult cundition ia less aatisfoctory, but 
pointa to the aame concluaion, Thua one finda on croas aectiou of the 
tubulea that the lumen ia not aharply litnited like the exterior of the 
tubule. In fact, one aometitiiea finds delicate threada traveraing the lu- 
men (Plate III, Fig. 21, a-c). In one of theao aectiona two uuclei are 
cut acroaa, which in ao far miiitatea againat my concluaion that the 
lumen runa inaide of aingle cella placed end tõend. But I believe these 
to be the nuclei of two adjacent overlappiag cella, 

Ou acoount of the evidence juat preaented, I regard the nephridium 
of Umatella aa häving an intracellular lumen and endiug blindly in a 
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üume oell, aud am thus brought ioto complete agreement with the results 
obtftined by Harraer from Loiosoma. His coDcluaioii ('85, p. 279) that 
tbe Eudoproct uepbridinm is probably to be regarded aa a head kidoey, 
like that of Truchüphores, aeemB to me to be juatified. Ä further discua- 
sion of tliia topio must be deforred till towarda the oloBo uf tbia paper, 

The iiepliridium opens, aa already atated, not directly into the veati- 
bule, but iuto a pocket of it, the clonm (Plate III. Fig. 18, Plate IV. 
Pig. 28). The wall of the uloaca conBwta of a layer of cuboidal epithe- 
liiim nhiuh is perforated by three openinga, — the aiius, and the proximal 
opeiiinga of the efferent duct and of the vna deferens. 

The cloaca ia au organ which doos not ucciir iu any otber Eudoproct. 
Ita exiatence here is diie to tbe unique positiou of the rectum and anus, 
atid <]f tho opening to the vas deferens. Iu Loxosoma the last is very 
far removed from the opening of tha nephridia, Iq the Pedieellinidse 
the two openinga are leas distant from eacb otbor. In the male of 
P. Benedeni (Frettiuger, '87, Plate X. Kig. 16), the anun aod the open- 
inga of the nepLridium and vaa deferens are quite near togetber; bnt in 
tha female the oTiduct of that apeoiea opens far distaut from the other 



Sexual Organi. — Ciirionaly enough, I have not found among all the 
individnalsseütioned aoy ripe femalea. All the matnre individuals of 
the lot collected by me on July 4th from the Sclinjlkill appear to have 
beeu males. In no individual did I notice any difference in the position 
of tho ducta, snuh aa obtaina hetweea the two sexes in FediceUina Bene- 
deni,^ no trace of an inoubatory chamber between rectum and the floor 
of the veatibnle. 

Id the male organs two parts may be diatingniahed, — teatis and vna 
deferena. The teatia (Plate IV. Fig. 33) ia a pairedovoid body lyiiigbe- 
tweeu rectnm, iuteatiue, and the floor of the atrium. In the figure given 
One obsevves spermatozoa in varions stagea of development, the wall of 
the aaL t t t ^ the germinative epithelium. 

The aa d f (Plata III. Fig. 18, Plato IV. Fig. 28) ia an un- 

paired L h p d t l the concavity of tbe U being tnmed oralwarda. 
The wall t f cuboidal epithelium which is ciliated, at leaat at 

the pr ml d f the tube. 

The 1 f f Urnatella reaemblea in form that of P. Benedeni 

(Foettinger, '87, Plate X. Fig. 15), which in tnm seema to be more com- 
plioated than that of Äscopodaria. 

Nereoui Syftem. — I have beeu able to make ouly a auperficial atudy 
of this syatem. The main ganglion (Plate III. Fig. 18, Plate IV. Figs. 
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22, 29, jH.) lieB betwRen vns deferens and uephridtUQi, ia eloDgated trt 
Tereelj, and BÜglitlj constriuted in tho median place. One can dirt 
gDJsh a central region composed of fiue fibrea runuing trausveraely, * 
a cortioal region of cuboidal, deeply staining eelis with large clear n 
I have not succeeded in traeing any peripLeral fibres from thia i 
glioDic mass, as Ehlers haa doue in another Endoproct. 



III. NoN-BEsuAL Rbprodüction, 
1. Archüeeture of ihe Sioci. 

Uniatella forms atooka by budding. As in other Bryozoa, the 1 
are uormally produced in a very regnlar manner. I helieve that I haaj 
determjned the law in part, altlioiigh it haa esceptioöB, ae the 1 
of budding in every Bryozoan stock haa. Ab Leidy haa etated, aeva* 
vertical Btalks may arieo from ihe aanie horlzontal plate. A aingle sl 
may remain unbranched, giving riae to new individiiala at its distal « 
only, or it may give rise to branches which ooine off irregularly froB 
few BegmentB, Usually only ona branch ariaea from a single B^;m^ 
but occaaiooally two do ao (Piate V. Figa. 35, 38). 

The lengtb of these branches and the number of their segmenta deore 
towarda the distal end of the main atalk, and tlie coocluaion aeema jn 
tiiied that it ia only at the diatal end that they are formed. Escep^ 
for theae occasional branches, the lower segments of the atalk are barotfl 
any branchea or polypides. The distal eiid, however, ia usually orowdj{ 
with polypidea ao thickly as to make it difficult to count them o 
termine their pointa of attachnient (ef. Plate V. Fig. 30). 

A very casnal obaervation, howerer, shows that the bnds from the 
main atalk are of two kinda; firat, thoae which have given rise to a 
linear series of segmenta at the distal end of which is a calyx, and tbese 
are what I havo called l/rartcAfs ; and, aecondly, thoae consisting of a 
itolon-Yike procesB, from one aurface of which arise calycea reating iipon 
a atalk of uaually one segment only. The surface of the stolon upon 
wliich such polypides are placed is a definite one, namely, that which ia 
turued towarda the distal end of the mnin atalk. The budded branches 
and also the atolona are grouped upon the oral side of tbe adult atalk. 

In the olearest caaea, io young or not too richly branched stocka, I 
find the branch arising on the oral surface of the aegment, and between 
two atolona, whiob are thorefore more nearly lateral (Plate V. Figs. 37, 



, +0, 42). 
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One may therefora aay tbat usitally the bratickei are median o«d oral, 
the etolont laieral. Again, the branchea give rise, like tbe primary stoik, 
to two kiudä of biids, bronches aud etolous. Tbe stolons give rise orüy 
to atalka of oiie segment each, bearing a calyx difitally. Ttiese cetlycQs 
are ao plftoed tbttt tbeir oral surface is directed towards the diatoleud of 
tbe stoloQ. I bave oot fuimd more than two iadividuals borue upon n 
BtoloD, 

I have previoualy ("91, p. 72) tried to ahow how all buda iu the stooks 
of Bryozoa are to be referred back to embryonic tiaaue lying at the tips 
or margiu. la Endoprocta, bowever, the estreme tips seem to be oc- 
cupied by a polypide, aud the embrjouic tisaue liea in a züoe at the bose 
of the latter, This diftereuce may be regorded, howevor, na ouiy appar- 
ent, and tbe two conditiona harmouized by couoeiving the poljpide in 
Endoprocta retracted into tbe atalk, beluw tbe zone of embryonic tiaaue, 
— tbe üonditiou reaiized in Ectoprocta. The diatal part of the atalk 
will then beoome termiiial, conatitutiug au apical ring of embryonic tiasue 
siirrounding the secondary atrial opening tbus produoed. From the oral 
portion of this ring new buda — brancbes and atolona ^- are, as in Plunia- 
tella, proliferated ; and this proceaa ia repeated for each segment. At 
(or near) tbe apices of theae incipient branubes and atolona lies a maaa 
of embryonic tissue whieh givea riae iu the one case — brancbes — to the 
atalk, the polypide, and tlie Aulade of new buda; and ia tbe other — in- 
oipieut atolona — to the atolon and the Äiüage of tbe individuala which 
bud forth from it. The differencea betneeu tbe brauch aud the atolon 
are, however, more appareut than real, aa a comparisou of tbe diagrams 
Figures 59 and 60 (Plate VI.) will niake clear. In one case (Fig. 59) 
the maaa of embryonic cella in any segment doea not grow out far beyond 
the youiigeat individual produced from it; in the other caae (Fig. 60) 
there is a oonsiderable growth beyond tbe youngeat individual. Tbua in 
the latter caae a long stolon is produced, in the former it remaina at a 



Aa I have already atated, in raoat cases, particularly in youug vigorous 
atocks, one meeta with the coudition which may fairly be called typical, 
in which from one aegment three buds — one mediau (branch) and two 
lateral (stolons) — ariae. This typical oondition may be espresaed hy 
the formida on the next page. 

Thia formula will be uoderatood by referencetothe diagrams on Plate 
VI., of which it is a symholio expreaaion. Tho lettere repreaent in all 
caaea calyx-bearing individuala, the aaterisks gemniiparous tisaue. The 
capital A atanda for the individual which forms the raain stera uiider 
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conBideration. The ^ immediately belovr it represents the etnbryoDtc 
inaBB situated at the tjp of the stallc, fruoi nhtch all the gemmiparouB 
tiasue diätributcd throiigtiout the stock haa taken its origin. As tlie 
atalk haa growu, there have been left behind the eubryonic masses repre- 
sented by ^. Three of tbese bave arisen togetber, and tho proccäs has 
beeu repeated aa often as segnienta have been furmed. The aeparation 
of the Begments is repreeented in the formula by a daah. Between every 
two daehes the same buddmg ptocesB ia repeat«d. 



Tbe mediau embryonio inaBses («) give riso to the individoals lj 
aud c, and leave with each a dowry of embryonic tiBsue repreaented l 
Each of thoBe individuals a, b, aud c, with its embryoDic i 
aeta ejtactiy like A^. The lateral embryonic masBea act preoia 
do the mediau on es. 

The tjpioal condition expreaaed by the foregoing formula is not c 
perfectly realined, for the siinple reason that the atock would tbereby! 
come too crowdeJ. The more freqiient modifications are the abaenod 
the mediaii bud, the abseuce of oue or both of the lateral biids (stolol 
and, occftsioaally, tbe apparent subetitution of a branch for a etoloD. 

The foregoing formula ia one of the moat complicated that it i 
aary to make for Bryozoa, for iiowhere else are the embryonic masses 
abundaut relative to the polypidea, or, iu other worda, nowhere elae are 
Bo many embryonic masBea borne by oue iiidividitid. It is quite com- 
mou amoug other epecies to find three embryonio masses ariaing from 
one ; bnt here the formatiou of triple maBses is repeated as often aa the 
number of aegmeuts in the atalk. This fact raises the questioo of the 
aigiiificance of these segments, and leada ua to disouss the subject. 
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2. Snipnentation of the Stalk. 

Leidy {'84, p. 9) did not fiiil to call particular attention to the divis- 
ion of the stalk of Urnatella iiito segraeiita, and reoognized their aiic- 
oesaiTe production "throiigh the procesa of divisiun, vary mucli \a the 
Bttma maiiner as ia the productiuu of the proglottidea of tupe-wornia 
&om a acolex.'' 

The phenomena of Gegmentation muet have a special interest ou 
aocouut of the relation of segmentation and etrobihüatiou. I shall 
treat under this aiibject, firat, üf the phenomena of segmentatioo in 
"Urnatella; eeoondly, of the probable origin aud Bigniflcance of the 
procesa in this genua ; aud, thirdlj, I ahall examine criticallj Leidj'a 



The transverse aeptum, nhich ia the Arat indication of the separation 
of the atalk iuto aegments, begina to be fornied at about the time that 
the lateral buda ariae, and immediatety below them. [t arisea, aa aiready 
atftted {page 8), aa a riug-Iibe fold of the ecroderin, whose free edge en- 
cloaes a ciruular orifice, through which the hiteriora of the two aegments 
which are being formed are continuoiis (Plato IV. P'ig. 24). By con- 
tinued growth of thia fold the diutaeter of the orifico diminisbea, nevcr 
whoUy cloaing, but loaving a apace for the paaaage of the tubular cella, 
to which reference has already been raade (page 7). In this procesa the 
ahealh of longitudinal muaclea, whioh originally ran immediately inaide 
of the ectodenn continuoualy from the baae of the calyi to the last fiilly 
formed septum, becomes discontiuuoua nt the plaoe of the ingrowing 
fold, and the acparated enda of the nauacle fihrea become attached to their 
reapective facea of the septum. 

In order to diacover the aignificanoe of thia proceaa of segmentation 
we muat first study ita distribution throiighout the Endnprontji. Usually 
the calyx is borue iipon an utisegmented atalli. Such is the condition, 
for example, in Loxoaoma, PedtcelJina echinata, P. Americana, and 
Äscopodaria. In other caaea, Gonopodaria (Eblers, '90, p. 146) and 
P. Belgioa (Fcettinger, '87, p. 301), thore ia a pooriy expressed and 
highly yariable aegmented condition. In Arthropodaria (Pedioellina) 
Beuedeni the stulk is distinctly and regularly aegmented, thore being 
partitions and alight estorual conatrictiona. Finnüy, in Urnatella we 
Gnd the aegmented condition stiil more aharply ezpresaed. 

There ia a atiggeative paraileliani between the forniation of segmenta 
and the prodnction of buda. While with one esception all species with 
unaegnioiited atalka prodnce no buda, and none have yet been dcacribed 
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M oocarring on Gonopodaria rmd P. Belgica, budding does oocur to a 
BÜgbt estent on Ärthropodaria, tiiid Btill more profusely oa UmateUiL 
There ia one genus, however, Barentaia (Vigiüus, 'Si', p. 86), wbich bnds 
Spanely aud haa au unsegmeuted stalk. Here, however, as Id Uruatelk 
(Plate VI. Fig. 58) ard Arthropoilaria (I), there is a scptum between the 
brancbea and the maiu Btalk. 

Finally, in all Pedicellinidfe whicb have beeti stiidied carefulJy there 
ia a Beptum betweeo the stalk and calyx. 

One may bring tbese Bcattered facts of distribution of tbe se]>tum into 
some sort of unity by aajing tliat in the Pedicellinidie every caljx and 
every lateral brancL (where Buch ejista) is partly out off from communi- 
oation with the interiur of the mother stalk b; Bcpta. Tbig ih etfected 
by the production of theae organs nt the plaoe of jnnctiou of the oalyi 
and the lateral buda to the stalk, aod in some caacB also by the partial 
divisiou of the stalk itself into compartments by septa. Tbe transverae 
eepta muat have either a morphological or a phyaiological eignificauce. 
They migbt bo regarded as a part of the wall of zoipcia, eqiiivalent lo 
the zocecia of Paludicella, and therefore to be morphologically equiva- 
lent to the aepta of Paludicella. On tbia hypotheaia each aegment of 
the stalk of Uroatella woiild be an (incomplete) individual. The idea of 
the individiiality of the segments would seem to he suatained by tho fact 
that each givea rise to similar buda, and that apparently auy eegoieut 
haa the capacity of rogenerating the loat oalyjt, or end of the primary 
Btnlk. On tlie other haud, diaaoptmcnta niight be regarded aa structuj 
which had grown aoross the originally unsegmented stom to fulfil { 
need of the organiam. ComparatiTe anatoniienl stndies seen 
favor the aecond view. Tn Loxosoma, and in moat mariue PedioelUni j 
y/e 6nd a atnlk witbout disaepiments. In other forniB disaepim 
are fow aod varial'le iu number, in stiil otbera they are c 
oeourrence, and from the aegments arise buda. Finally, in ümtitcj 
the segments are separated by the diasepimentB, each becomea d 
dividunheed, and haa the capacity of giving riae to bnda häving the s 
arrangement. The difTerentiation of the aeparate segments haa gon« 
far that one cau hardly Bee in tbe stalk of Umatella, reaembling a stij 
of beads, the assiimed smooth cylindrical atem of ita Pedicellina-n 
anceatora, 

ir we seek for an explanation of the dtaaepiments, I think it ia to-fl 
found iu the protection of tbe atock ^i^inat the influs of water and t 
Btrojing organiama at the time of the losa of oalys or lateral Iiranoq 
whioh would make regeneratiou impoBsibie. Tbis ia the aame hypotiG 
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ais which I ofFered in a former paper ('91, p. 40) to accuuiit fur the 
furmation of a septum iu Ectoprocta. 

In favor of thjs hypotheaia are not merely the need of Buoh nn appara- 
tu8 on account of the frequeiit loss of the calyx and the lateral branches 
throagh accideat, aud the fituess of this niecLauiBm for the fuiictiop, 
. but alBo the existence of the fipecial mechanism of radiate ceüs, covering 
over the opening in the disaepiment betweea the ualys and atalk, — a 
diasepiment wbicb will be tnoat useful in the manner indicated by thia 
hypotheais, owiug to the deücncy of the calyx and ita liabiUty to nwii- 
detit. When the lateral brauches or tlio termiual calyz become de- 
tached from the pareut stem, we find that the pore iu the septum, 
remaining behiud aa a part of the wall of the atalk, haa become sealed 
by a ciiticiilar plug. So aJao EUlers ('90, p. 22) in Ascopodaria. Iu 
thia caae we caii see the utility of the diasepiment, und cau iufer ita 
value in those positiona wbere it is not certaiu, bcit otily posaible, that 
it may be oalled into play. My concliiaion then ia, that the diaaepi- 
raents have a purely phyaiölogical meauiug, poBaeaaing a proteotive 
function, anrl that the segmeuts of the stem are only phyaiölogical di- 
visiona of a primitively undivided atalk, which have perhapa uo other 
aignificanue than that they are parts separated by the disaepimeuta.' 

It füllowa naturally from the foregoiug bypotheaia, that the segmen- 
tation of the atalk haa sucoeeded, rather than preceded, the condition of 
bud formatioD from the atalk, it beiug rendered deairable owing to the 
greater danger to mutilation to which the atalk ia expoaed. From this 
Btandpoint wo can aee wby buda ahould be produoed on each segment in 
a Bimilar manner. The relative profuaeneaa of budding in Uroatella is 
explainable ou other grounda. 

Eiamining more cloaely the relation of thia proceaa to the production 
of proglottidea in a tape-worm, — accepting the view that the production 
of pn^lottides is fnndamentally a proceaa of continual regeneration of 
loet parte, — there aeema to be an impoitant difference in thia, that the 
growth of the stock of TTmatella la limited, more than ten or twelve aeg- 
menta being rarely formed, while an indefinite number of proglottidea 
are produced. The liraited growth of tbe Urnatella etem seeme to indi- 
cate that the production of aegraenta is not the production of new parta, 

' Freely branching stock» of Hjdroida have septa interpolated nt the baae of 
tbe lifilranth, wliich is pecuÜHrly liable to fail nS, anil Bomelimea in the midilte of 
the Btems. Tha occurrence of Buch Bimilar atructureg Ihrougliout tbe two most 
profuaely brsnching groups nf Metazoa ia furtlier evirlence for tlie validity of the 
phyBiological explanation of them which 1 liavc ofEered. 
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but the division, progressing towards the calyx, of an originally simple 
stalk into a number of parts, — that the growth of the Umatella stalk 
ift limited just as that of the Pedicellina stock is limited, and for the 
same reason. 

3. OrüiUation of the Individuals. 

The orientation of the individuals of the stock sccms to be here, as in 
Ectoprocta, a very definite one. In Pedicellina and its close allies, as 
well as in Umatella, the young individuals budded from the pai-ent 
stalk face the same way as the polypide of the parent stock. Seeliger 
('90, p. 571) has pointed out that in all the species of Loxosoma the 
orientation of the buds with reference to the parent is definite, but 
different from that found in Pedicellina. The orientation of the buds in 
Loxosoma (which arise, as in Pedicellina, on the oral side of the mother) 
is the reverse of that of the mother. Thus it comes about that the 
oral aspect of the buds in the Pedicellinidse is tumed towards the pe- 
riphery of the stock, that of Loxosoma towards the centre. This is 
the same difference which has been found to prevail between the buds 
of Phylactolsemata and Gymnolsemata, and as in this case, so in Endo- 
procta the differences may be harmonizcd by a different method of ex- 
pression. In all Endoprocta the oral aspect of the buds ts tumed toivards 
the centre of proliferation, For in Loxosoma new individuals are pro- 
duced between the next older and the parent stock, the centre of prolif- 
eration remaining in the parent stock, while in Pedicellina it migrates 
away upon the end of the stolon. The typical condition in Loxosoma is 
represented by the formula 

a b c d ♦ A; 
that of Pedicellina by 

♦ d c b a A, 

in which the asterisks reprcsent gemmiparous tissue. 

The general statement of the relation of the aspects of the buds to the 
proliferating region is the reverse of that which I have given for Ecto- 
procta ('91, p. 82), which reads, " In both Phylactolajmata and Gymno- 
la^mata, the anal aspect is tumed towards the gemmiparous region." 
It is important to note, however, that this difference corresponds to a 
difference in respect to the part of the alimentary tract which is formed 
by the principal pocket of the atrium, for this in Ectoprocta gives rise 
to the posterior part of the elementary tract ; in Endoprocta, on the con- 
trary, to the anterior part. The differcnces in the process of budding in 
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the two groups cau be barmonized, and at the Hame time the pbjeiologi* 
eal nature of the diHereiicea indicated, by putting the Btatement thus : — 
In all Bryozoa, the formation of the alimentary tract begina at tbat end 
wbicb ia tumed towards the gemcuiparoua region (cf. page 28). 

The probleni of the difference in the method of development of the 
alimeutaiy tract in Ectoprocta and Eudoprouta, is the sanie as that of 
the diSerences iu tbe development of the alimentary tract of Triploblas- 
tica in generol. 

As U neil knowu, the mldgut in THp] oblasti ca is produced by au in- 
vagination whose mouth — tbe blaBtopure — comes to be in aome cases 
at the anterior part of the tract, in otbers at ita poBterior part. This 
variation in tbe method of formation bas been explained bj tbe bypu- 
theaia that the blastopore represents tbe opening into tbe gaatro-vascular 
cavitj of Ccelenterates, whlch is functionally botb mouth aud anna - and 
that aa we find a phjaiological separation of the opeoing in mauy Cffilente- 
rates, ao a morpbologica.1 separation of the gastrula-opening into mouth 
and anus by concreacence of tbe lips of the blastopore in the mid-oral line, 
haa occurred in the ontogeny of Triploblaatica. Id aome casea botb mouth 
and anus arise by tbis process, in other casea only one organ, the other 
arising aecondarily, or (preferablj) later. The part which arises later 
might be regarded as a new formation, or, foUowing Caldwell ('85, p. 23). 
as derived from a part of the entoderm which bad become separated 
froni the greater part in tbe aeparation of the two extreniities of the 
elongated lip of the blastopore to permit the plocing of mouth and anua 
at oppoaite poles of an elongated anlmal. 

The application of these facts aud their explanations to tbe facts of 
the formation of the alimentary tract in tbe Bryozoaii polypide ia evi- 
dent. Gastrulation takea place not in the act of first invagination of the 
inner layer of the bud, but in a aecoudary iiiragination from the bottom 
of the first formed sae. Tbe blastopore does not Iie on the surfeice of 
the Ixidj wall, but haa been carried below the aurface, and its position is 
indicated by tbe plane of separation of alimentary tract and atrium, 
wbere theroof of thegut aud the floor of the atrinmhavebeen produced' 
hy concreacence of the lipa of the blastopore. The atrium tben is in 
no way lioed by entoderm; it is merely a precociously developed, pro- 
tecting pocket of the body wall, which occurs in tbat region in «bicb 
invagination of the entoderm ia to take place. The primary atrial open- 
ing ia not at all tbe blastopore, aa some authoi^ have called it. 

■ Compare Seelig«r, '89*, pp. 191. 182 ; so sIeo in Pntadicelln. tee my «arliet 
paper, '01. p, 19, and probablj in Plij laeta ta; mais. cf. Krcpebn, "32, p. 33. 
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My conceptioD of the relation of the procesaes of atrinm fonnation and 
gastmlatioD will be more eaaily underatood if we compare tha formation 
of the polypide with the early stages in the development of the epg of 
SipuDculiis, as given by Hatachek ('83, pp. 78-81). Here gastnilatioo 
oocurs only iu the deptha of the invagination at tbo vegetative pole ; the 
more superficial part of the cavity ia tbo trunk amniotic cavity. This 
corresponds to tbe atrlnm of Bryozoa, aud, like it, ie Uued by ectodenn. 

The concrescence of the lips of the blastoporo takea place slightly 
diSerently ic Eudoprocta and Ectoprocta, so that in one case the blasto- 
pore peraists in the regioii of the permanent moutb, and the procto- 
dfflum appeare later ; whereas in tbe otber case the blaetopore persista 
in the region of the permanent anus, and the atomadteum ariaes later, 

la aü Brgozoa, kowever, Ike 7naiit gaaglion ariae» in the region uf ean- 
areteence, preeiaely as the ventral nerve cord ia now fcnowa to do in moat 
invertebrates. Thits additiooal aupport ia giveu to the idea that I 
ganglion of firyozoa ia a subce»ophageai oue. 

i. Ilittology of ike Budi. 

The kittalogical štrudure of tbe braucbea is exactiy like tbat of tU 
parent atalk. Tbe minute atructure of the stolons deaerves a word ql 
deacription, The base from which the individuala arise ia filled wttlj 
mesenchymatous eelis, which at the distal, growing end ai 
packed and deeply stainable (Plate VI, Figa. 51, 57, sto.). Some of tM 
eelis are differentiated into muscle fibres, which mn up into the t 
of the iudividuala tbat have arisen from tbe atolon (Fig. 57, mu.). 
epithehum at the dietal end of the atolon ia compoaed of cuboidal a 
aligbtly elongated cella. At the baao of tbe atolon tho epithelial c 
are greatly elongated and cloaely packed together (Figa. 51, 57, d. «ee),-] 

At the point of attachment to the parent stem the etolon ia conaidai 
ahly conatricted, the epithelium forraing an inward fold aurroitnding i 
small opening through whioh the parenchyoiatous tiaaue of the bud a 
the mother stalk are continuoua (Plate VI. Fig. 56, di. tep.). BetwM 
the layera of tbia ciroular fold ia aecreted a cuticular diak, perforated 4 
ita centre. 

5, formation of Neto Stocks. 

The development of Umatella from the e^ has never been seen, i 
I was naturaÜy anxioiia to get emhryological materjal. On looking o 
my preaerTod material I found nn traca of eggs, althougb there \ 
many ripe males. I have no direct knowledge, thercforo, as to whetbt 
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I was too early or too läte for embryolog^oal material, althougb from 
Bome iudireot evidence drawn fi'Dm wbat follovs I am iuclined to think 
I was too early. 

The youngest stocks foand I olitained iti lai^ numbers, and they 
were of almost exaistly the Bame age. Moreover, they agreed with tlie 
youngeat etagea found by Leidy and figured by him ('84, Plate I. Figs. 
5, 6, 7). I have repreaented eome of tbeae in Plata V. Figures 31, 32, 
and, eniarged, in Plate II. Figure 15, and Plate V. Figure 46. 

I have already (pages 3—6) called atteiition to soine of the cbaracters of 
the BtalkH of these young individuals, It remaina to mention tbe " basal 
plate " of Buch Htücka. 

Unlike its coaditiou in the aditlt, tbe " baaat plate" Ja a relatively 
lai^B organ of elongated cylmdrieal form (Plate II. Fig. 15). Ita outer 
epithelium cnnsista of sharply demarked celta, cuboidal above, cotumnar 
below. ThJB epithelium hafi giveu rise to a cuticnla thin and denae 
above, and thioker and lüsa refractive below. The columnar eelis are 
Bomewhat less deeply stained than those at the end of tbe " basal plate " 
furtheat from tbe twa stalka. Thoir uiiclei Iie at their inner enda. 
The outer part of the eeli contaioa apherical maBses of granules. On the 
whole, it atains leaa deeply than the innor end, Finally, one alwaya 
finda particlea of dirt cloBelj adherent to the under and lateral aapeota 
of the basal plate. 

Theae facta I interpret as follows. The colnmnar eelis of the under 
side are glandular, and aecrete a aticky substanoe which causea the ad- 
herence of the aurrounding partides of dirt, and thna aerves to anekor the 
yoaog Btock.^ The tiaane of the interior of the "basal plate " ia remark- 
able, and difficult of interpretfttion frora sections olone. In auch aections 
one aees bands running through the middie region and crosaiug at variotis 
angles. Each of theae " banda " is a nuoleated eeli, and prohably ropre- 
Benta a niuacle tibro (cf. Plate V. Fig. 46). One aees alao fibrea häving a 
different appearance running radially from the baae of the stalk to the 
columnar cells of the " baaal diac " over quite a lõng Btretch (Plnte II. 
Fig. 15). In addition to theae protoplasmio atriicturea there are lõng 
clear apaces whicb are bounded by thin membranes and contaia ocoa- 

^ Seeliger COO, p. 573) findi in PedicellinB B glanrlular differentiated zone on the 
base of the atolon, where it comes in contacC nich foreign boilies. Thia, he Bayi, 
can be traced unbroben through the entire length, eBpeciallj' in jioung stutkg, con- 
iisting of few individunts. The foot gland of LoxoBoma is aa organ fulfllling a 
function similar to that of the glatidular cetla ot the atolon, bat an homolog; of tha 
tno organ E can Irnrdly be mnintiiined. 
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«onal nnclei. These aro the tubulur eelis nlready referred to. Some of 
tbem coDtain the aggliitinated ciüa charauteristic of Oame celle, and the; 
arise from lai^ uella, whioh must iüilioate tbe beginnings of the eicretory 
tubules of tbe Btalk already moutioned. 

Wbat ia the meaning of the fact tbat no younger stages than theae 
occur, altbough such and all older stagee are abundantl Have these 
jotrng Btooks been derived from fertihzed egga, or have they some other 
origin i 

I have alrendy referred to the fact that the great masB of the buda of 
any Urnatella stock are foiind nt the tippcr eud of the parent stalk. The 
lower and middle ports of the etatk posssess few buds, although they once 
coDstituted tbe upper end of the stalk. What has becorne of the buda 
wbich have been loBtl LeJdy aaked tbia queetion, and the facta led him 
" to snspect that the brauches are spontaneoiisly aod habitiially detached 
from the parent stem, to bucome elaewhere attuched, aud thus form new 
colonies." 1 have evidence that raises the suspicioa of Leidy to as near 
certainty as oan be obtaioed by use of tbe morphological metbod. The 
" youngent ttocks " are derivtd from the ttolons nf the parent stallc, uAtcA 
habitually becorne free for the piirpose of /iiunding new stocks. 

To establish tbis proposition it will be necessary to ehow, (1) identity 
of stnictiire between oid lateral buds and young ator.ks, and (2) the 
Bcar of attachment of the yoimg fitock to the pareut stalk (of. Plate VI, 
Fig. 58). Of identity of stmcture there can be no question. Often it 
would have been quite impossible to distinguish between young stooks 
and "stoIonB" which had been violently broken oif from the parent 
stalk and ivere lying loose in the bottle, were it not for a singte criterion, 
namely, the young stocks had dirt adhcriug to their lower sitrface. An 
apphcation of the BCcond criterion leods to tbe same posltive result. In 
aeries of thin sections of young stocks one can always ünd at one side 
of the median plane tbe soar of former (ittachment, which appears aa a 
thickening of the cuticula into which octodermal eelis may sometimes be 
seen penetrating (Plate V. Fig. 47). We have here, then, a method of 
non-seiual propagation quite Bimilar to that obtaining in Lozosoma, where 
the buds habitoally drop off, so that thia genua is commonly said not to 
he Btock-prodncing. This reBeniblanco must be regarded aa being purely 
a physiological one, and not in tbe leaat implying any cloaer relation- 
ahip of the two genera. 

I have already eipressed my belief that the atolons are thrown off reg- 
ularly for the purpose of founding new etooka. On tbis assumption we 
can account for the rapid growth of the embryonic tisaue giving riae to a 
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Btolon-like body, whicb will bcoome a basis of Biipport fi^r the new atock, 
tbe "baaal plate." Oue oan thus account for the tbickened cella of 
the under side uf tbe stolon, wbich appear before detttchmeot (Piate VI. 
Figs. 61, 57). The qiiestion remaiua, Do the median brancheB p!ay a 
similar rOle to the stuloual I do not thtnk tbey do, fur the reason», 
(1) that, häving no baaal plate. they are not pbysiulogicully fit for form- 
ing new stooks; (2) that I have found no new youug stocka baviug 
ODe pareut stem nitb ooe or two generatjons of budded individiiata, — 
the conditiou of the niediun branchen ; (3) that, oo the oontrary, one 
often tinds such median branches peTsiatiug on even tbe lower segmenta 
of the etook. (Plate V. Figs. 35, 39, 40. Compare Leidy, '84, pp. 8, 9, 
Plate I. Fig. 4.) Since the laedian brancbea freqnently persist as a part 
of the parent stock, — they are not prodiiced in the first plnce ou every 
segment. — I oonceive their function to be the inorease of the number 
of proliferating pointa iu tbe stock iCaelf. 

Slarting with tbe youug atock, one ean fiod all atages of growth up to 
the most contplicated conditiona (Piate V. Figs, 33, 36, 43, 44). Dur- 
iDg the growth of the atock tbe basal plate gradually undergoea changea. 
The parenchyme beconies filled with yoJk globulea (Plate V. Fig. 49), 
and the outlcula becomes thick and dark. 

Conceruing the morphnlogical aigiiificanco of the basal plate a few 
worda must be aaid. I regard tliia aa a atolon morphologically equiva- 
lent to the atolon of the Pedicellinidie. In tbe latter group, aa ia well 
known, the individiiala are budded from the upper eide of a repent cy- 
lindrioftl stolon, which constautly producea new buda at the growing end, 
and wbich becomes separated iuto segmenta by the formatiou of trana- 
verae diasepinients. There ia no eucb stolon in the adult Uruatella, 
wbich ia abarply separated from the Pedicellinida) by thia single charac- 
ter. The preaence of a atolon in tbe young stock indicates a derivation 
from an anceatral condition poaaessing a atolon in tbe adiilt. 

If, however, the " stolon " of the young Umatella stock ia homolo- 
gous with that of the Pedicellinidm, we ought to tind it, aomctimes at 
leaat, giviog rise to more individuals tban two, and pcrbnps becoming 
aegmented. Both of l.heae couditions are occaeionally fiilfilled. Leidy 
obaerved tbat three, fonr, or even five atema maj ariae from a com- 
mon "basal plate." I bave observed only three with certainty. Two 
casea of thia are ahown in Plate V. Figs. 48 and 49. In the first of 
the two caaes distinct perforated diaeepiraenta nere observed dividing 
the atolon (baaal plate) into three segmenta, out of each of whioh a 
aingle stalk arose. 
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6. Formation. of tke Jndividual. 

Recent carefnl studiee oii the formatiou of the individual iii oth« 
Endoprocta, especially bj Seeüger ('89*), render a detailed study of this 
process less aecessary. There are a few puintB concerning the physio* 
loyical rather more than the morphologicnl featiirea of thia proceas whJch 
I bave attended to in this case iu order to teat certain conchisiaiis whidh 
I had arrived at from the atudy of the earlieat atagea of budding in 
Eetoprocta. 

First, the budding regions are areas of cuboidal eelis, with relatively 
large nuulei and deeply staining plasma. Such a condition ia foiind in 
both the ectodenn aud mesoderm of the proliferating region (Plate VI. 
FigB. 50, 57). The relative enlargement of tbe ectodermal eelis, aud 
at the same time a bending of the whole lajer outward, give rise to 
tbe first fiindameDt of the new individuol. The miisculature of tbe 
new mdividuals is certaiuly not derived directly from that of the oid 
BtaUc, for this takes no part in the outbendiug. Upoii the apex of tha 
cylindricfll protuberance thua fornied the polypide ia produced, The 
details of thia proceas I bave Dot followed, 

Seoondly, tho position and time of origin of the buda arisiog from tbe 
Btalk are very definite. They make their appearance in a zone lying in 
the lower part of tbe segment (Plate VI. Figa. 50, Ö8-60), and shortly 
after the formation of tbe disaepiment which lies just below. 

One of the queatiuns the re-eiamination of which raoat interested 
me was that of the origin of tbe alimentary tract, since thia is stated to 
arise differently in Eodoprocta and Eetoprocta. 

In an optlc.il aection of the whole bud (Plate VI. Fig. 53), it coiild 
he seen that the atrium waa connected with the young alimeotary tract 
at the oral end only. Tbe same thing is ahovrn in the series of trans- 
verae sectiona, Figures 54-56, in which the distal (anal) part of the 
atrial cbamber ta not conflnent Vi'ith the rudiment of the alimentary 
tract which touchea ita floor, Figure 5i, but the two orgaua are con- 
fluent at the pruiimal (oral) part, Figiire 66. Figure 52 ia from as 
optical longitudinal seotion of the bud shown in Figure 53, taken in | 
pinne perpendicular to that of Figitre 53. Here the alimentary traot, A 
(Pig. 52 ; ga. Fig. 53) is being conatrjcted off from the atrium. 

Like the young bud, the growing tip of the stolon poasesaea an 
derm cocsistiiig of lai^ cuboidal eelis {Plate VI. Fig. 57). The n 
chymatous tiesue aiso conaiata of thickly crowded, undiflerentiated, a 
deeply ataining cella (Figures Sl, 57). 
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7. RfgenerrUion. 

Ijke other Endoprocta, Urn&telln lias the capacity of regenerating 
its lost calycea. Leidy ('84, p. 13) had alread^- obeerved tbis process, 
and Potta and I have (aa prevtously mentioned) aeen the Bauie thing. 
Figurea 3 aud 2 (Plate !.) show aome of the phenomeua of regenera- 
tion. The formation of a new termical calyx seema to be preceded 
by the formation of the ataJk part of the new termioal individual. 
This new formation takes place in one of tlie eegmenta near the diatul 
end of the parent stalk. The terminid diasepiment of the segment, 
cutting it off from the outside world, ia completely closed in ita cen- 
tre by a cuticular plug. TLia cuticular diaaepiment (Fig. 2, di. up. 
at the left) becomea torn off from the lateral outioula of the aegmeiit 
along one edge, aometimes, aa in the figure, remaining attached at 
the oppoBite edge. I hare given on Plate I. (Fig. 3) a drawing of 
auch a regenerating atalk before the polypide haa budded from ita 
wall. The outer body wall haa evideotly taken the initiative in the 
pToceas, and meaenchymatoua cella have migrated in. The drawing 
(Fig. 3) was made from the living aniraal, and the meaenchymatoua 
cella cotild be aecn changiug form Hke an amceba. The amceboid 
oeÜB alao coutnined highly refractive grauutea, wbich I regard aa fond 
material. These granulea were seen moving abotit in the ceUa aa the 
latter changed in form. 

One atriktng feature of tba young segment was the presenoe of two 
fliokering organs, which I now fully believe to be Same cella witb their 
tufta of fuaed cilia. I have elsenhere ('91, p. 39) oalled attention 
to the part played by amcoboid cella in Paludicella on the nutrition of 
the young buda. I believe that the amceboid cella here have the same 
function. 

Iieidy ('81, p. 13) haa auggeated that the segments of Umatella might 
fuuction aa atatoblaats to preaerTO the speciea dtiring the winter. Of 
the correctneaa of thia auggestion 1 have no doubt. The eaae with 
vhich regeneration occurs from the oid segments, and the fact that in 
stalka in which the calyces have been for a long time loat one aeea the 
oirri of the fiame cella stiil flickering, ahow that the tiasue siirrounded 
by tba thick cuticula of the segments has a great capacity for retaining 
life, and, under favorable oonditiona, for reproducing loat parta. Tn their 
roie aa atatoblaeta, the segments need the yolk stored up in their cella 
dniing the summer. 
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IV. Affinities op Ursatella. 

From the frequent opportunity tbat I bave had eucceBsfully to com- 
pare the organa of Umatella, even io detail, with thoae of Pcdicollina 
aud allied genera, there remaina no doubl iu my uiind of its close relar 
tionahip to those forme. Arthropodaria, especially in ita Eegmentation 
of the stem and the asaociated buddijig pruceas, eeems most closely to 
reBemble Urnatella. In three pointa of importance, however, Umatella 
differs from other Pedicelliuida;, uamely : (1) in the possesBiun of a doaca 
(and absence of a brood-sac 1) ; (2) in the presence of water or eicretory 
cimals iu the stem and calyi, — whtch are &o Btriking that tbey could 
hardly have been overlooked if tbey occuired in other Pedicellinidae; 
and (3) ia the absence of the stoloniferoue type of budding. 

Ab for the laat ditference, however, I have trled to show tbat there ia 
a stolon from whjch the individuals of the Urnatella stock ariae, altbough 
it is small. Whether thia nidimentary coiidition of the Btolon is an 
ancestral or a degenerate cbaractor is doubtful ; I have been inclined to 
conaider it the latter. 

In regard to the Srst difierence, I Qiiiat point out that in the male of 
Arthropodaria there ia a eondition resembbiig that found in Urnatella, 
for in the former genua (Foettinger, '87, Phite X, Fig. 8) the anus, vaa 
deferena, and excretory tubule open oear together. 

The second difierence concerns a very important aet of orgaas, and if 
tbey should be ahown to be indeed abaeut, in Arthropodaria Benedeni, it 
would lead us to conchide that in ouo reapect at leaat, perhnpa owing to 
phyaiological needa, Urnatella haa retained a more auceatral eondition 
thaD its near all i es. 

V. Aftikities of THB Bryozoa. 

There are three prevailing viewa eoncerning the relationehip of the 
Brj'ozoa to other groupa. According to one view (most recently and 
ably defended by Ehlers) they Snd their neareat alliea in the Gephyrea ; 
according to the aecond view, they have sprimg from the lower worms, -— 
from Eotifer-like ancestora. The third view (that of Hatachek) asaumes 
that Ectoprocta and Endoprocta are in fact not closely related, but that 
the former should be placed near the Gephyrea, the latter olose to the 
Eotifera, 

a for thia difference of opinion are not far to aeek. Thoae 
jim their studios with the Ectoprocta, particularly with 
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their anatomy, bave been Btruck by their rsBemblance — Mpecially iu 
the poseeasion of a body cavity and of a tentaoular oorona — to the 
üephjrea, and particularly to Phoronia. Those, on Ibe contrary, wlto 
liave devoted their atudiea oliiefly to the Endoprocta, aud eapeoially to the 
developineot of that group, have urged tho secoud view. Tho third view 
Beeks to reconcile the two oouäictiog theorias. I favor the secoud uf tho 
viewa given above becauae of certain conaideratious whieh follon-. 

I propose firet to ahow the untenableness of tbe third view. It woiild 
theu he nearly sufBoient, iu deciding botweeu the two remaiuing viewa, 
tü ahow thnt the Endoprocta are the more primitive group of Bryozoa ; 
but in additiou to this, I ahall ofFer positive evidenoe of darivatiou of tha 
Bryozoa from the lower wonna. 

The ohicf argument for the diphyletic origin of Bryozoa reata on 
these tbree importaut differences hetween Ectoprocta aud Endoprocta : 
(1) that of the tentaculiir corona, which includea within it the anua iu 
one case, and leavea it oiitside iu tbe other ; (2) that of the body cavity, 
whiüh ia absent in one caae and present in tlie othor : and (3) that of 
the kidney, which ia a pronepliridium in Endoprocta and (it ia alkged) 
a metanephridium in Ectoprocta. 

I have, in an earlior paper ('91", p. 103), ahown that the differenoe in 
relations of the anna to tentacular corona is complctely and aatisfaotorily 
explainäd by the atndy of the development of tlio polypide, Jn wbich the 
clusiire of tbe tentacular corona between mouth and anua is effected only 
at a relatively läte atage, 

Oonoerning the aecond of tbeae diiferencea, Ehlors ('90, pp. 153, 164) 
bas already well argued that it cannot be so fundamental, eince otlier nn- 
qneationably cloaely allied groups (e, g. Hirudinea and Chtetopoda) djffor 
similarly. Moreover, tho diiference between the " body cavity " of Gyva- 
noltemata and Endoprocta ia one of degree, not of kind, for in botli caaea 
wo have to do with parenchymatouB tiaaiio more or less completely 61ling 
the primary body cavity. The eiiatence of apacea in the niidat of ths 
parenohytne of Gyuraolsraata may be acconnted for (foHowiug Harmer, 
'85, p. 64, see also Lang, '88, p. 77) on the physiological grouud of the 
necesaity of a apace into which the polypidea cao retract. In Fhylac- 
tolasmata tbia parenchyme haa becomc, in part, a very definito " coelomio 
epithelium," although, as I have pointed out ('90, p, 128), showing 
tracea of ita parenchyraatona origin. 

Upon the alleged differences in the kidney, no argument oan be hased, 
simply becanse the existcnce of an eicretory tahule in Ectoprocta ia 
very uncortain, bcing at present nrit oven probable. 
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A fourth differeoce, which I do iiot remember to have Been mentiuned, 
ooucerna the poeition of the sexual glanda. In Eadoprocta they arise on 
tbe polypide aud are coaneoted with the atrium by a epecial duct. In 
Ectoprocta they ariae on aome part of tbe body walL Iq all eoses, how- 
ever, they arise from tbe meseachymatous tiaauc, or ita equivalent, tbe 
Gcelomic epitbelium. The eiact position is iiot significant, for even 
vitbin the group of Phylactokimata we 6ud tbe testis arising BometimeB 
OD the funiculDB (Plumatclla), sometlmos oa the body wall (Cristatella), 
and in neither caae at the same plaoe with tbe ova. 

On tbe otber haod, the resemblances between Ectoprocta and Endo- 
procta are atrilting : in both a curved aliiuentary tract, with tentades 
of similar hbtological atructure ; iu both, an atrium originaüug in tbe 
same manner; the central nervous system in both aJike in position, 
foim, atructure, and developmeut ; iu both tbe poljpide originating in 
comparable wayB, luvolving tbe aame problem of the relation of the germ 
layera to the organs of tbe bud. Moreover, there must remain unmen- 
tioned many minor resemblances nbich individually are not very aignifi- 
cant, but wbich, occurring togcthor, fumisb a most powerful argument to 
tbe mind of one studying tbe auimais tbemselves. 

HatBcheli'8 view aeeoiB to me, therefore, untenaWe, and it remaina to 
inqutre wbether the Bryozoa have been derivcd, accompaaied by degen- 
eration, from an Annelidan anceatry, througb Gcphyrean-üke forms,^ or 
wbether they represeot a peraisting low type. Aa we bave seen, the 
firat bypothesis muat be retinquisbed, if it can be abown that tbe Endo- 
procta are the more ancestral type. 

In any group of sesaile, colonial animala, we ahould expect the more 
ancestral type to retain more distinctly ita individuality, to poaaess in a 
more märked degree featurea belonging to a free, non-colonial life, aud 
ia a leBB märked degree those belouging to a aeasile, colouial one. Thua 
in its devclopment tbe group will loae certain charactera and gaiu cer- 
täin others.^ A well märked individuality accompanied by a simple 

' As JB veli known, Hatschek |'S3, p. 69) tins lon^ mnintsmed thst Phoroaia snd 
the Sipunoulaceie liave not been derived frnm AnnelidB as tlie Echiurida have, but 
from unaegmented anceelora ; and this view hna become very widoly acoepted. 
Ehlera, liowever, seema to adhere to the older view. Whatever tho truth may be 
in regard to this matter, the valiility of my argument based on embryology and 
comparative anatomy conceming the absence of eloae relationship between Pho- 
lonie and Bryozoa is not aSect«d. 

' Lang {'88} hos eliown, by an ingtructive analy aia, that in sessile animala loco- 
notor aad eense organa, tbe nervous system, and the muaculalure tend to degener 
ale, and tlial the tenlaDles and protective coveringa become more important. 
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method of budding (Loxoaomft); a relatively poorly developcd, incom- 
pletely retractile lophophoro ; a complicatcd s^Btem of senee orgunB 
aed nerves (Loxoaoma) ; aeiual aud excrotory diicU ; a typical larv&l 
(trochopliore) form, — theso distinguieh the Endoprocta. On the other 
haud, the Ectoprocta are märked bj a loss of iadividuality (exiBtence 
of cienootel, Phjlactolsemota), by a highly complicntüd lophophoro pro- 
viilod with means for coujplete retraction, by abseiice of a compltcated 
nervous aystem (amall ganglion of Gymuol temata), by abseoce ()) of sex- 
ual and escretory ducts, and by abbreviatod larval life (passed within 
the body of the mother). 

Stronger than thia argument is the faot that in the developraent of 
the tentacular corooa and of the aliinentary tract — at firat wtthout a 
Cdicum — Ectoprocta paas throngh Btages more uearly reaembling the 
adult Endoprocta condition thna their oku adidt conditiou does. 

Theae faota seem to me to prove, if morphological priuciplea can be 
relied iipon, that Endoprocta are nearer the ancestral form of Bryozoa 
thaa Ectoprocta. 

Admitting that the Endoprocta are more ancestral than the Ecto- 
procta, I cannot conceive bosr any one can majntain a close relationahip 
with Phoroiiis. Eor the line connecting nioiith and anus is in Endo- 
procta ventral, while the correaponding line in Phoronia ia dorsal, as 
Caldwell ('83, p. 372) haa Bhown, and the kidney is a metauephriilium. 
Theae facta far outweigh, in my opinion, Bimilnritica in tentacular corona, 
epistome, aud beut alimentary tract. 

The ahaenco of a true body cavity, and the exiatenoe of a water or 
escretory system ending in Hamo cella, point conclusively to an origin of 
Bryozoa fiom the lowest worma. For siich an escretory ayatem is fotiud 
elsewhere oniy in Platyhelminthea, Rotifera, and in a modified form 
in Nemertinea (Bürger, '91). On the other händ, the esiatence in the 
Btalk of epithclial (in addition to mesenchymatous) muaclea looka like 
an advance beyond Rotifera and Platyhelminthea. Bnt it doea not fol- 
low that SLich muaclea esieted in the anceatora of Endoprocta ; they 
may bave beon produced by cauaes Bimilar to thoae by virtue of which 
they ocour in Nematodes. 

Hatachek ('77, p. 528) auggeated, and Harmer ('85, p. 11, 35) has 
Bince ehown, that the ganglion of the Eudoprocta is to be regarded aa a 
Bubcesophageal ganglion. Zelinka'8 ('91, p. 337) diaoovery of a subce- 
sopbageal ganglion in Botifera ia interesting in thia connection, aa mak- 
ing more probable the aasumption ueceasiiry for the preceding view, that 
the auceatoT of Rotifera and Endoprocta posseaaed anch an oi^n. 
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Oae cannot refraiD firom DOticiiig the eimilarity iu tiiä relatious of the 
"nnder lip"of Rotifera (Zeliuka,'91, Taf. III. Fig. 55) aad the epistome 
of BiyozoB (cf. also the foot of Mollusks). 

ZelinkA has also hLowd (p. 397) tbat in Callidiiia at an early stage 
two Iflteral folds appear on tfae veiitral side of tbe embrj-o, encloBing be- 
tween them the niouth and under lip. Theae fulds cxteud along aboiil 
one half of tbe leugtb of tbe embryo. Later they become relatively 
sUorter, and finally form the lobeB of the wheel orgau. They hare alao 
preciaely the position of the lopbophoric ridges of Ettoprocta at an early 
stage, aa I have figured it {'91, Fig. 25), Ijing ou each side of tbe moutb 
and gnnghoB. They have aisa the esme relatious aa the ridgea from which 
the gUl filaments ariae iu Lamellibranchs. Lauke8ter'B (74, p. 80) view 
of the homology of the teulaclea of Bryozoa aud gill filameuta of Latnelli- 
brancbs ia thuB atrengthened. 

Finally, there is betwecn Kotifera and Endoprocta a striking similarity 
in the position of nuua and nrogeuital duota, which in Umatelhi, as in 
Rotifere, open into a coirnnon cloaca oa the auboesophageal aapect be- 
tween moiith and auiifi. Such a reaemblance ia espcoially atriking in 
footleaa genera like Aaplanchna (whioh, however, has no anua, cf. Ma- 
siuB, '91, 6g. 1) aud Hcrtwigia (L, Plate, '85, Fig, 7), — geuera resemhHng 
more nearly the aneeatral form, since the foot, lying behiud the anua, 
must be cooaiilered aa a secondarily produced appendage. 

To aum iip : The embryological as well aa the anatomieal evidence 
aeems to auatain the view that Bryozoa are closely related to Rotifere, 
the two groups häving aprung from an aneeator which was common to 
them and Molluaka alao ; that after the Rotifor atem had branched off, 
the common Moilnaeo-Bryozoan stem prodiiced tentacles on tbe lateral 
ridgea ; that tbe two groupa then aoon separated, the Mollusca to uti- 
dergo an extenaive and complicated developmeut, the Bryozoa to remain 
at a low level. The chief changca which the Bryozoa have experieuced 
are (1) tbe acquiriug of a body-cavity through the relative decreaae in 
amouut of the nieBenchymo, that which remaiue forming an epitbeham 
(Fhylactolieraata) ; (2) the loas (I) of the protonephridia and aeiual 
ducta in Ectoproota ; (3) tbe losa of the epistome (Gymnolasmata) ; 
(i) the loas of the preornl ganglion ; (5) the acqiiiring of a coeoum (Ec- 
toproota); (6) the multiplicatioii of methoda of reprod iiction, hy regen- 
eration, by budding (without and with stock-formatiou), by diviaiou of 
stocks, and by atatoblasta. 

C*MBBiDOE, Septembpr 27, 1892. 
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SUMMART. 

The segmented stem of Umatella consists of a two-layered cuticula ; 
an outer epithelium (ectoderm) consisting of eelis flattened exccpt at 
the transverse septa and at the distal end of the stalk ; and an axial 
portion consisting of elongated eelis, many of which are vacuolated, and 
surrounding whieh there is no intereellular substance. (Pages 4, 5.) 

The musculature of the stalk eonsists of radial sheets of fibrillse, sev- 
eral of whieh develop in a single eeli. (Pages 5, 6.) 

Many of the vacuolated eelis of the stalk end in flame eelis like the 
water or excretory tubules of Platyhelminthes. (Pages 6, 7.) 

Yolk is developed in the eelis at the base of the stalk, first as fine 
intereellular granules, whieh later fuse, this proeess being aeeorapanied 
by eeli degeneration. (Pages 7, 8.) 

The lip of the atrium eontains a sphineter, and resembles in its rela- 
tions the "margined thiekening" of Ectoprocta. (Pages 9, 10.) 

The epithelium of the tentacles eneloses a parenehymatous eore. A 
pair of museles is present. (Page 15.) 

The alimentary traet resembles that of the Pedieellinidae, except that 
the lower wall of the reetum and the upper wall of the intestine are in 
close eontaet. (Pages 11, 12.) 

The nephridial tubules end blindly in flame eelis, and open into a 
cloaca, into whieh open also anus and the vas deferens. (Pages 14,15.) 

Two kinds of buds arise from the Umatella stalk; '^brancbes," whieh 
are typieally median, and " stolons," typieally lateral. (Page 1 6.) 

The segmentation of the stalk is probably an adaptation to the pro- 
eess of budding, whieh is aeeompanied by a greater liability of the wall 
of the stoek to rupture, and therefore by a greater need of separation of 
the stalk into eompartments. (Page 20.) 

In all Endoproeta the oral aspeet of the buds is tumed towards the 
centre of proliferation, and in all Bryozoa the aspeet in which that end of 
the alimentary traet whieh arises from the prineipal outpoeketing of the 
atrium lies is tumed towards the gemmiparous zone. (Pages 22, 23.) 

The youngest stoeks found consisted of a stolon hearing two indi- 
viduals. This has been derived from the *' stolons " of the parent stalk, 
which habitually become free for the purpose of founding new stoeks. 
(Page 26.) 

Umatella is, structurally, one of the Pedicellinidse and most nearly 
resembles Arthropodaria Benedeni. (Page 30.) 

The Bryozoa have probably been derived from Rotifer-like aneestors. 
(Page 34.) 
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Bryozoa, Gymnolaemata, — continued. 
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135, 139 ; ii. 19, 20, 22, 24, 26. 30, 
54, 57-63, 67; üi. 8-11, 22, 23, 
31-84. 
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Bryozoa, — continued. 
Epistomic canal, i. 115, 139^. 
Excretory organs, i. 130 ; ii. 64 ; iii. 14, 
16AP 33P 

efTerent duct, iii. 14^. 

tubule, iii. 6, 7^0, 30?. 
intracellular lumen, iii. 7. 
Foot gland, iii. 25^. 

Funiculus, i. 109, 115, 116, 141, 142^; 
ü. 30OP ; iii. 32. 

migration, i. 116. 
Gabelkanal, i. 180? 
Gemmiparous zone, ii. 4, 6^. 
Gizzard, ii. 63^. 
Incubatorj chamber, iii. 15-^. 
Internal sae (larva), ii. 90, 93. 
Intestine, iii. 11, 12-^^. 
Kamptoderm, i. 115»; ii. 2, 21, 22, 2õ, 

31, 56, 57, 59-620; iii. 9^?. 
Lip of atrium, iii. 9, 10^. 
Lophophore, i. 132-134?; iii. 33? 
Lophophoric arms, i. 114^. 

fusion of, i. 130, 181, 134. 
Lophophoric ridges, ii. 20-23® ; iü. 34?. 
Mantle cavitj (larval), ii. 90. 
Mantle fold (larval), ii. 90. 
Marginal thickening, i. 144®; ii. 82, 

103?; iii. 9, 10? 
Mesoderm, ii. 5-7, 10, 54, 56, 890. 
Metanephros, iii. 31, 83?. 
Musculature, i. 116; ii. 68®. 

anal sphincter, ii. 82; iii. 11, 13^. 

atrial sphincter, iii. 13^^. 

intestino-rectal sphincter, iii. 11, 
12A0. 

lateral-wall, iii. 13, 14^. 

parietal, ii. 28-30O. 

parieto-vaginal, i. 143, 144®; ii. 2, 13, 
28, 630. 

pyramidalis. See parieto-vaginal. 

retractor, i. 117, 141-1430; ii. 13, 
28, 630. 

rotator, i. 117, 141-1430. 

stalk, iii. 5, 6^0, 190, 25^. 

transverse, iii. 13, 14\ 
Neck of polypide. i. 121, 144^; ii. 18, 

310, 61A, 63, 650. 
Neck of ooecium, ii. 69, 70O. 



Bryozoa, — continued. 

Nephridium, i. 130; ii. 103; iii. 14, 
15^o. 

Nervous system, ii. 26, 610. 

circumoesophageal nerve, i. 186, 138®; 
ii. 26, 620. 

ganglion, i. 113-1150, 127, 128?; ii. 
24, 26, 55, 61, 630, 103?; iii. 15, 
16AH 24, 32, 33? 

gastric nerve, ii. 26, 62®. 
(Esophagus, i. 112, 140®; ii. 19, 20, 

26A 58, 62, 680 ; iü. i^ah. 
Ooecium, i. 124 ; il. 680. 
Operculum, ii. 64-^. 
Oviduct, iii. 15^. 

Parenchjmatous tissue, i. 126; ii. 91. 
Pharynx, i. 140O ; ii. 21, 24, 26, 57, 630. 
Pronephridium, iii. 31, 34?. 
Pyloric valve, i. 140O ; iii. 12^ 
Pjriform organ (larval), ii. 90, 93. 
Randwulst. See Marginal thickening. 
Rectum, ii. 230 . jü. i2H. 
Ring canal, I. 129, 130, 13^-1350 ; ii. 

21, 22, 24, 580. 
Rosettenplatte. See Communication 

plate. 
Segment of stalk, iii. 1, 3. 16^. 

relation of formation to strobiliza- 
tion, iii. 19, 21. 
Septum, ii. 11, 32, 530; iii. 4, 5, 8, 9^. 

intersegmental, iii. 4, .5, 8, 9A'',19, 
20OP 

subcaljcine, ii. 44? ; iii. 8, 9-^^, 21 o. 
Sexual ducts, iii. 15^ 30, 32, 34?. 
Sexual organs, 

ovary, ii. 680. 

testis, iii. 15^. 
Stalk, iii. 1, 3-9AH 
Statoblast, i. 111, 1250; ii. 34; iii. 8, 

29,34. 
Stolon, ii. 75, 77-790 ; iii. 16, 17^ 24", 

26, 27FP 
Stomach, i. 140, 1410; ü. 19, 23, 24, 

620; iii. 11^ 12AH 

Suboesophageal ganglion. See Nervous 

system. 
Tentaele. i. 132, 135, 1360 ; ü. 20, 22, 
58, 590, 103? ; iii. 1, 10, 81^. 
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Bfyozoa, Tentacle, — continued. 

sequence of formation, i. 132, 136; 

ii. 23, 59, 62. 
number, ii. 24, 2õ, 59 ; iii. 1, 10. 
odd tentacle, ü. 25, 26 ; iii. 10. 

Yolk spherules, iii. 7, 8 . 
Cnidariay 

Septum, iil. 21^. 
Mollusca, 

Foot, iii. 34P. 

Gill filament, iii. 34^ 
Roti/erOf 

Anus, iii. 34^^. 

Cloaca, iii. 84-^. 

Foot, iii. 84^. 

Suboesophageal ganglion. Ui. 33^. 

Urogenital ducts, iii. 84^. 

Wheel organ, 34^. 
Tunicata, 

Nervous system, ii. 96^. 



! Phtbioloot. 

Cellular, 

Cuticularization, ii. 33. 

Excretion, 

Bryozoa, ii. 66. 

RSOBNERATION. 

Calyces in Urnatella, iii. 2, 29. 
Polypide in Gymnolsmata, ii. 64, 65. 
Relation to normal polypide formation, 



ii. 65. 



Relationbhipb. 



Bryozoa and other Metazoa, iii. 31-34. 
Ectoprocta and Endoprocta, i. 182, 133 ; 

ii. 102-105 ; iü. 81, 32. 
Gymnolffimata, ii. 75-81. 
Pliylactolsmata, i. 104.' 
Urnatella, iii. 30. 



EXPLANATION OF PLATES. 

AU figures were drawn with the aid of a camera lucida. froin pri^ptiration» of 

Urnatella gracilis, uniess otherwise stated. 



DAVEKro&T. — Uroatella gncilii. 



PLATE I. 



ABBUEVIATIONS. 

atr. Atrium. di, ba. 

ric. Scar of fallen-oÜ'bud. di, sep. 

cl.Jlin. Flame eeli. gm. 

cl. mi. Migratory eeli. mu. 

cta. Cuticula. nl. 

cx. Calyx. pU. crc. 

cx. ryn. Kegeoerating ealyx. ut. gran. 



Basal disk. 
Transverse septum. 
Bud. 

Musele fibre. 
Nucleus. 
Circular folds. 
Yolk granules. 



Fig. 
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1. Regenerating stalk of Urnatella, viewed as an opaque object. X 96. 

2. Optieal section of the same. X 06. 

3. Optieal seetion of the distal end of a stalk of Urnatella which is probably 

about to regenerate, from living animal. X 410. 

4. Optieal seetion of the proximal urn of the stalk of Urnatella. Showing 

thlek euticula and yolk granules. X 165. 

5. Contents of proximal urn, obtained by erushing. Moving cilia were visible. 

Nuelei in some of the yolk granules. X 320. 

6. Stock of Urnatella viewed as opaque object. Three stems arising from 

the basal disk. Buds and regenerating terminal ealyces. X 36. 

7. Optieal section of stalk of Urnatella. X 96. 



Ö-AMENPORT - UrnATELIA 




Davinport. — ürnatelift gracilis. 



PLATE II. 



ABBREVIATIONS. 



atr. Atrium. 

d.Jlm. Flame eeli. 

d. hp. Hepatic celU. 

cl. see. Secreting eelis, 

c/. tb. Tubular eelis. 

cta. Cutieula. 

da.' Outer cutieula. 

cta.ff Inner ' " 

di. ha. Basal disk. 

di. sep. Dissepiment. 

ec*drm. Eetoderm. 

ga. Stomaeh. 



gn. 


Ganglion. 


in. 


Intestine. 


ms^drm. 


Mesuderm. 


mu. 


Muscle fibre. 


rd. 


Nueleus. « 


nph. 


Nephridium. 


(B. 


(Esophagus. 


of. atr. 


Atrial opening. 


pa^chy. 


Parenchyme. 


rt. 


Rectom. 


vt. OP 
vt, gran. 


Yolk granules. 



Fig. 8. Longitodinal seetion through proximal part of stalk of Urnatella. ThirA- 
stage in the formation of yolk granules. X 610. 
0. Cross seetion through distal segment of stalk, showing eetoderm and pa — 
renehymatous tissue inside. X 405. 

10. Third stage in the development of the stalk museles. Zeiss, ^ oil imraers. ^^ 
Oe. 2. X 1360. 

11. Seeond stage in the development of the stalk museles. X 1850. 

12. Termination of exeretory tubule of stalk in flame eeli. The position o ^ 
the ealyx is above. X 306. 

13. First stage in development of yolk in stalk. X 610. 

14. Seeond stage in development of yolk in stalk. X 610. 
16. Median seetion through young stalk (age of Fig. 81 in Plate V.). X 163 - 

16. Fourth stage in the development of the stalk museulature. X 1360. 

17. First stage in the development of the stalk museulature. X 1360. 
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Dativpobt. — üraateUa graoUU. 



PLATE III. 



ABBREVIATIONS. 



an. 


Anus. 


mu. 


Muscle fibre. 


atr. 


Atrium. 


nph. 


Nephridium. 


dc. 


Cloaca. 


ee. 


CEsophagus. 


cl. ds. 


Closing eeli of septum. 


pd. 


Stalk. 


cl. hp. 


Hepatic eelis. 


rt. 


Reetum. 


cta. 


Cuticula. 


spht. 


Sphineter between intestine 


di. sep. 


Dissepiment. 




and reetum. 


ga. 


Stomaeh 


spht. atr. 


Atrial sphineter. 


gn. 


Ganglion. 


sul. atr. 


Atrial groove. 


in. 


Intestine. 


ta. 


Tentaele. 


kmp*drm. 


Kamptoderm. 


va. def. 


Vas deferens. 


loph. atr. 


Atrial ridge. 







Fig. 18. Median seetion of ealyx of Urnatella. Camera drawing made from sev- 
eral adjaeent seetions. X 405. 
" 19. Seetion through plane of Une " Fig. 19 " on Fig. 18. X 96. 
Figs. 20, 20*. Longitudinal and cross seetions through ehief nephriaium of ealyx. 

X 610. 
" 21% 2V*, 21^ Three seetions taken aeross nephridium of one individual at 
different plaees, to show nature of the lumen and wall. Fig. 21^ nearer 
the distal end of tubule. Fig. 21% third seetion from mouth of tubule, 
at point of union of two nephridia into one. X 700. 
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Dayxhpobt. — ünuitoUa graoilU. 



PLATE IV. 



ABBREVIATIONS. 



an. 


Anus. 


mu. Muscle fibre. 


atr. 


Atrium. 


mu. ret. ta. Betractor muscle of tentaele 


dc. 


Cloaca. 


. > Nephridium. 


cl. cls. 


Closing eeli. 


d.Jlm. 


Flame eeli. 


oe. (EsophaguR. 


cl. th. 


Tubular eeli. 


pa*chy. Parenchyme. 


cta. 


Cuticula. 


rt. Reetum. 


di. sep. 


Dissepiment. 


spht. atr. Atrial sphineter. 


€c'drm. 


Ectoderm. 


sp*z. Spermatozoa. 


gn. 


Ganglion. 


te. Testis. 


int. 


Intestine. 


va. def. Vas deferens. 
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Fig. 22. Seetion through calyx at level indicated by Une " Fig. 22 " in Fig. 18 
X 405. 

23. Seetion through ealyx above the last at lerel indicated by Une " Fig 28 " 
in Fig. 18. X 405. 

24. Longitudinal seetion through young stalk showing derelopment of septum. 
X 405. 

25. Transverse seetion through elosing eelis at base of ealyx. Seetion passes 
through a flame eeli at the left. The lower part of the seetion lies 
below the dissepiment, the position of whieh is indieated by the Une 
di, sep, X 670. 

26. Longitudinal seetion through tentaele and atrial sphineter. X 405. 

27. Two adjaeent tentaeles eut transversely near their bases. X 405. 

28. Part of nearly median seetion of calyx, passing through cloaca and ras 
deferens. X 405. 

29. Median seetion through nephridium aud adjaeent organs of young calyx 
to show the derelopment of the nephridium. X 1000. 
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Davenpobt. — ümatella graoilii. 



PLATE V. 



ABBREVIATI0N8. 



An. 


Anal aspect 


Or. 


Oral aspect. 


cic. 


Scar of fallen bud. 


or. 


Mouth. 


cl. see. 


Secreting eeli. 


pd. 


Stalk. 


dl, ha. 


Basal disk. 


rt. 


Rectum. 


ec*drm. 


Ectoderm. 


sto. 


Stolon. 


mu. 


Muscle fibre. 


vt. 


Yolk spherules 



Fig. 30. Distal end of a richly branching stock of Urnatella, seen from the right 
side. X 56. 

Figs. 31-45. Views of Urnatella as solid object (exc. Fig. 33). All X 18^. 
•' 31, 32. " Youngest stage " of Urnatella stock. Cf . Plate II. Fig. 16. 

Fig. 33. View of somewhat older stage, as transparent object. Disk adhering to 
stolon. 

Figs. 34, 35. Young stalks with median buds. 

Fig. 86. Entire stock of Urnatella, — three stalks arising from one basal disk. 
" Median buds " arising. 
" 37. Stalk with two lateral buds and one median. 

" 88. Stalk with profuse lateral budding on the median buds. Anal view, 
brancbes displaced to the right and left. From segment c' two lateral 
buds and one median have arisen ; from c, two lateral buds, one of 
which has given rise to two individuals, the other to only one. 
" 39 Stalk with branches, — oral view. Remnant of a median branch on seg- 
ment F. From d two lateral (?) buds ; from K a stolon with two 
individuals, and from L two stolons, the left with two individuals, 
the right with one. 

Figs. 40, 41. Branching stocks with median and lateral buds. 

Fig. 42. Typical lateral buds, each with two individuals. A median bud on next 
younger segment. 

Figs. 43, 44. Right and left views of the same stock. The number of individuals 
is indicated in the diagram accompanying the figures (Fig. 44°). 

Fig. 45. Left view of part of stock. Two stolons and one median branch from seg- 
ment B (Fig. 45«). 

46. Optical section of " youngest stage " of Urnatella stock. Stolon with two 
individuals arising therefrora. X 120. 

47. View of cuticula and ectoderm at end of a stolon in a stock of the 
'* youngest stage," showing scar of former attachment to parent 
stock. X 405. 

48. Optical section of the basal plate of a stock showing three individuals 
arising from it, and its division into three segments. X 52. 

49. Three individuals arising from an older basal plate. X 52. 
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DAys5F0BT. — Cmatella gracilif . 



PLATE VI. 



ABBREVIATIONS. 



atr. 


Atrium. 


cl. see. 


Secreting eeli. 


cx. 


Calyx. 


di. sep. or 
di. sp. 


[ Dissepiment. 


ex. 


Outer layer of bud. 


ga. 


Stomach 


gm. 


Bud. 



«. Inner layer of bud. 

mu. Muscle fibre. 

or. Mouth. 

spht. atr, Atrial sphincter. 

tt. Stomach. 

Mlo. Stolon. 

ta. Tentacle. 



Fig. 60. Surface view of stem stained in Czokor'8 cochineal and studied in clove oil, 

Showing the deeply stained protoplasm and crowded condition of 

nuclei indicating the position of an incipient bud. X 318. 
" 51. Lateral bud drawn as transparent object after staining, showing stolon 

and secreting eelis (cl. see). X 98. 
Figs. 52, 53. Two optical sections from difierent aspects of the same bud stained 

in Czokor^s cochineal and studied in clove oil. Showing formation of 

alimentary tract. X 225. 
*' 64-56. Three transverse sections across a young bud, showing the develop- 

ment of the alimentary tract. Fig. 54 nearest the tip ; Fig 66 nearest 

the base. X 405. 
Fig. 57. Enlarged view of lateral bud showing stolon and secreting eelis (cl. see.). 

X205. 
" 58. Stalk of young lateral (?) bud showing method of attachment to adult 

stalk. X 285. 
Figs. 59, 60. Two diagrams showing relation between the two methods of budding 

in Urnatella. The shaded eelis indicate probable position of embry- 

onic tissue. 
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